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(57) Abstract 

A nitride semiconductor device such as a light emitting device in which an active layer is formed between an n-type semiconductor 
region consisting of one or more nitride semiconductor layers and a p-type semiconductor region consisting of one or more nitride 
semiconductor layers, characterized in that at least one of the nitride semiconductor layers of the p-type semiconductor region or the n-type 
semiconductor region is a super-lattice layer consisting of layer-built 1st layers and 2nd layers made of nitride semiconductors whose 
compositions are different from each other. By the above mentioned construction, the operating current and operating voltage of the device 
are lower and the efficiency of the device is improved. 
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*U. 0 # m^UiT * n ffiij ^ 5 -y FilC#^ ti<5 A 1 

X(i> fliE n fflij ? 5 y KIOH^^I. 2 # mJ^±"C* 0 > mJI5 n #J * 

1. 0 ^mJ^T©$affltci£££ftSc Lt^o 
Elll*> l oifk^^f f (LEDi?) © 
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a 3 is. *mwKekznmi&mi3®m4t!®j¥mfrm=? iis—vy**- 

H5I4* »f^*- KK:tetf<5p$J=r^ 

El 6 (4. *iB^i:i^HWJ2 6ou- tf^V*- K©«SCWriiB|-C* 

So 

Ei 7 14. *&WK&2>nmm2 8<Di>—y t y'(*- K©«it£*-r«5E$ 

HI 8 14. *?BiBrcftS£;Nstil3 3 OP— tf^-T*- K©«aft**-r«S 
SffSIElT'feSo 

El 9 14. *^{c^5HJfe^SI4©^b^^^ (U— tf*V*- 

HJfe^Jag 1 . 

ei 1 14, ^H^tc^snjfeBsi i ©s-fb^amEXT-oflBs^^-rfltsc 

'f7 4^j:5Stl©±i:, GaNJ;*)«4^y77l2^ Si K-^n 
MGaNct<9^SnftiJn>^^ bjf 3 N I nGaNi 

9 4. S^{:^0^5^1©IiI2©It*<«I$ny: 

^te^Jf ck SttSpffiiJ?-? y Mg K-rGaNJ;*)tt«pil|3> 
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p mm 8 m<t®i*m#m<D— * lt 
mmzntznm=i hJf2©^®Ki*n^@9a<i£tt£ttT^<5o 

g^F-yUfclnxGaj.xN (O^X^l) & *)UZ>mWd 0*>7* 
Fo-AOf R|U< pM^$i$)<i: ITM g^r^ 1 ©J3 chPIilT* 

K-^UfcpIAlvGa,.yN (O^Y^l) <£ «9 tt£$i/13 0^" v^x 

j&te^*£p®<iC^J&ih£Ji£rte. Mg s Zn. Cd N BefOpi^ 

Mte^mt-fZo mmmtLxiu 11+12+^1 • • mv<i*n 

2©Jf IS> ±izE© I nxG a i-xN (0 £X£ 1) «fc 0 ttSJBZWA 1 yG 
a.-vN (0SYS1) «k&tt5Jil;:|B£$ ft SC^Cffl 

0ii0^> K3r + 7«;^-liI/iot^T^ PI— -c 
l\, 0>Jx.(*. HI ©/!£• I nxGa,-xN (O^X^ 1) THUS U 120 
MAlvGa.-vN (0<Y£1) T'MtSi:, 1201^'^'^^ 
rx^;^-^fJdl0IJ;t) < tiZ1)\ miom* I nxG a , 

- X N (0£XsS 1) TifJ&U 1201^ I n z A 1 i -zN ( 0< Z ^ 1 ) 
T'^J5£^n(f> mi©ii£lg2©JIcblimj£aW«C£#'<> K*> 

corns t> & 9 WZo ZtzmicomZA 1 Y G a,.»N (0£ 
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Y£ 1) "CaUifcU SS2©JI£ I n zA 1 i -zN (0< 1) VM^-ttl 
Il^ai$n/:t>©T«)o^ &g ©i¥ 

tftiSo ^fgBstcfc^T. mom* H2©ji©n mm) ©-sb^as. 

P fOV^itli UT N LT <^ 3 KB (3 g<ffc«9¥*#K£* *l 

*m^lc*5^-C. Ste^JI£*?i]&-r£lf!l©jf. Jj*2©Jf ©JBU¥t^ 1 
0 0*>?X hn-A«fcO fcJSlr^. Sill ©S&a^2©Ej&<$*t££*IE 

^"T< ^£§©-C> 1 0 0;*>^x hn-AjeiTofflUSlwS^-rsC 

*u\> *i©flr ^2©iioMi»©T[5gii^(i©^^nt* 

Ztzftiz^ H1©JI. $&2©«©Rff«\ 7 0*>?*x h D-AjgiTtciS 
5rr<5:i SfcKiifitX li<kt>£<fftj£U 40t>^X 
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ei i iZTjk-t^mm^m i ©siM^&st? ©*i£> >@te?jf ct <o t& z 
4t®¥-m#'?tz. itmttZK'O k*> .y^Twu^'-^wr^ a i n n 

A 1 GaNS.O*I nA 1 N^CDA 1 &$frm4tW*mft1)\ 'J 
iAJ6®i LTffl^£ft3o ctlt>OScD9-&A 1 GaNJix f-iirlT 

-^■^^ < ifcA 1 £#t^t^¥#&> L< ISA 1 vG a ,-yN (0 
<Y^1) iU ^10S<J:M2cDjIi^^ttM^|5g^T©MI¥-C^5: 

Otitis, 7^^-^§/^7 7 KJIi LTSH>-C^ 

So 

o*»:£si2©;i£/£g£-t*-3£, mKDm&m2(Dm%j8.g:£itz>m<D'<v 

5 ^©ttt,^ii1£©<^j@te^JI£ffMT££o Sot, #H«*Stl 
Tli. Mfe^m* I nxGa,.xN ^£/«£SJS 1 ©Jl Cm2 

(DM) iAlvGa,.yN (O^Y^K x*Y=0) *ffS 2 ©JB 
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i©») -cmfc-tzztfrfrz u\, . 

-y KB 5 £$irr 3 IS l©i!Rtf IS 2 ©«© ft ©^tt< 

^OTO^^K-^^ti'SCt^SF^L^o &l<Dmtn2(Dmt 
i:pIo^« K-y-T *»^x mi©^<i:m2©jii:TS^:'5iSffiT' 

t5:i^T'Hi^-cS5c :0<t9i^ *^B^-e(i. mi©Jf<!:> is 

{i:i;h,KIE5£$*ltt^rt<x pM^FM^-eii^. 1 x 1 0 I6 /cm 3 ~1 x 1 
0 22 /cm\ Klilxl 0 17 /cm 3 ~l x 1 0 21 /cm\ Mbfr 

* u< i x i o 1 Vcm 3 — 2 x i o 2o /cm :i commizm&-tz>z- ±&m$. 
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25 1 (HMJBSI 1 pl^7KI5ipl3y^ni6i^^ 

J&£n*:p^Jf £@i6T{fi;*£tftirl-3C<h#T£. V f 0i&Tt<m^^m 
tlZ> 0 pMigIi£*#&^a68ffi<!: LT. pI»^K-7°lf:I 

W##£fES!hJ-&&ffia^£ftT^3 (#^2 5 4 0 7 9 1 -v) o L/ 
frU p^OM-fb^^-^E^^If bntzt^^T&JtOl&tjimi*. • c 
m£Lb&&£ 0 *Z~Z\ :0pII$pSO»Iit5 d ii: <£ 

<9> fit* ©fcytK KpJiOStit^^^fCJt^bTs 

£1 n x Ga,-xN (OSXsSl) iU f 2®I (lgl©Jl) ^AhG 
a,.vN (O^Ygh X^Y=0) T^-T £ C £ {I J; „ ^^tt^ck 
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*IBBJirfflffilLfeS«iLT. $L*l*fciZ&m¥-8-2 2 8 0 4 

OjfeSlfJiiltAl G a N> GaN. I n G a «fc *) ft Z>&mm*fc 

©#I®II*<A/4n (n:I»#f*0@5f^ A : ft A) Ttttf" 

Tlitt^o *fc> USP 5. 1 4 6. 4 6 S-^Kteg&jf £A 1 xG a, 
-xN/A lvGa,.yN«J:t)4*; 5 -TSEX/rt: ^© U— !f*?*<l5«S 
nri^o -©M&BiJ&tf ^I^KA 1 G a N/A lGaN^^-i 

J@lff£. (flF* L< M^t t> 1 0 0*>r* h u - A^TiESfjl 

£ & 4#&fl¥5- 1 10138^ ^¥5-1 10 13 9-^&«K 
t*»K©A 1 NiGaNi^ilbTA 1 yGa^yNCi^i^SS^ 
K*3*iT^So Z.CDmWiit, m^OSSitCDA 1 yG a ,-yN©zUI£'# 
^ /c 26 ic x h o-A©$|j?©A 1 N. G aN^ilt 

iT*mW(D&m £l*gt£Z 0 L*n*> I n G a N J: 0 tt*gttJi*W 
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1511-ts 6-26825 7 ^&f8TI* G a N t InGaN, ^U<li 
InGaNil n G a N <!:^«I bfc^tif #pIjg©gftI^Wt5 

m&m (xm^nms, 005.05 7-*§o i:^$nt^5K 

KM^$nT^*&*&^JB{4> B Pjf £G a A 1 NI^Og^?lT*5 

£frg*k&¥#f*£SttSK«;L5«£i:^ @^OSiI^iff:ltl5o 
I n G a NS&Hte'O F^> y :/i*;l/^-*</J\3 < SMfc«3M««**? 
(Om&Mt OTIi*t>*UT^So *(Dtzi6 I nxG a ,-xNi x A 1 yG 

^ - if m^-zmm-? <s m \z c^ti/c^ biA*b s £ iti 

I n G a N tA*SS©l£Krt<ftfe© AlGaNOi^ttAl ££tf Sffcl^* 
ftKJt^T^^OT's I nGaN^tltt^i, «Ji Ufc&Sft 
tt¥*(*Ji»c^5 y^<A0f:< <ttS„ ffiCA 1 GaN®«fc9fcS^k$J 

U< (2 2 0 0*>**X h o-AJaiTCWSSt- *d i^lt U\, fc-tftt^ 
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£Lt. PN£L/c *MMT&mi<Dm<tM*m#m=?- (LEDt?) 

pi^7 7 KJB 5£H1©JI 2 CDS i^MSnfefitt^JS T* 
MLT^50T\ ipS^7»; KJB5*g«>Tffiffitn:tC-C$^ gLE.D 
*?OIR^IEV f £fi < T# So 

m«E (JE?L) !&<&A&ft<5pffiiJ=> >^ ? h)f 6 t^J^li I nx 
Ga,.xNJ:»)tt«*lOii:> A 1 vGa,.yN«kD/i4*20li*<» 

o^^s '<> 7^^'-*^$^ I nxG a ,-xN t> U < 12 G a 
L<. dtilC^T. p«ffi<t©fttt!£tfi:*</h$ </it)j?^U^^— $ y 

m2(DM£t) u T»jK©iS5i^k^m*«^?i^n^^iiini*: 

£><5^£T$>£ 0 #3891 pl«ffll©¥l*«82 5 1l^ ± 

&©p{M?5>y K/f RO'pfliJ^ hJI&^©pMM'M4^{*JI££ 

SpM^b^alt^ji^iSfe^a-CfllfigUTtxfc^o 

witv>mmm*m#f&M2 5 1 cps^-r. nm*mo*m#iRi&2 o 1 © 
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=> K ii 3 £j@teTJI<hTJ- fl*!^ S i „ G e fonl^ 
!6i^loiSO t /XliS2©ii: nIO$!I^Wt^ 
>g&?JI£g®l igttI4 tOFIi:nS3>^^ h« 3 i UTJg^-rs 

&&?JI£^££M;&ft©mffi{iI;WgTL-t\ tr^>frt— KK 

£JT© «fc ?^HEMT (High-Electron-Mobility-Transistor) izm 

y^tl^l©® (I2 0I) £ s /<> y W$^7> K- 
7 { (undope) ; J^T. ^*fc«3*< h*-7ZtlTl^l,^MZT > b'~Zf£ 

momz (10 o*>?'x ho-A) ^©wskit? 

«*^»©«? ©IM&«*<« < ft: *k »ift*#fiT-r*£8t£fSn*o 

#$&E£*Jl>Tx nOTflJ©*M§WI&2 0 1 KnffliJ©? 5 y K 
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unfit (n=?) *^A$n-5n#j3 hms^m^i^m^t-r 

HOI, JgScDJiKS i N GefOnl^M K-7°L 
0 + 7 yx^;K-^t^A 1 G a N TltJijc £ *i £ 0 A 1 G 
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UTJBsJtOTt>J:< N p*«ffl90¥*(*®«2 5 1 
©¥«f*«Itt2 0 1 XI* pMflJ ©¥#{*€!« 2 5 1 £JBfiJt3*i5*+ U 

t&MM-tz>$>(Dx*tet£i^ 0 m&K^ m&mtG aNiii o o t&rniz. 

H«EJ&Sg2. 

<^{r s *%B^(c^5HJiE^2Cot^T|jSB^-r < s 0 

ei 2 14. *»Bjic«'*mtejgffi 2 ©£*b^¥*#*^ ©«&*^i-«5S; 

ill©**fi:Si«2 0 2 (nffiija h^i 2s v ?m±Ml 3^ n 
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#€S«2 5 2 (+t7^I17, pfll^fyKll 
9Mpi3>^^ hJI2 0 ) iKJ:oTifetfc£ttfcaMI:#j¥ 

So 

0 2i:*>*tf*nffl^7y KI14*ife^-ei^U AopWOf 
#(*^2 5 2il*J^Sp{IJ^5-y KMl 9^?ItMt^Ci:i: 

T ^ * o J£TF C 00 2 *#JRt izffi * H!6J&«g 2 (DmitW*m# 

c©^B^2cDM^^^ : ?{i4oiM:(i. *-*\ Sil01i:'<7 
7 7 I1 1 ii20'^77ll 1 2*^LTnftij3>^ ? hill 2*^ 
JSdcStlx $ <£>«;: nffla h®l 2±K> v ?ffi±mi 3x nflj? 

5 <y Kil 4RtfnflBfc#-r K« 1 5*<««£nT. na*mfld©¥*#« 
«2 0 2*<3BR)c$ti-5o ft. ^5 -y ^l»jhiil 3©M(9JH8tdJw?n^:nM 
h«l 2©^®il(i^tl^'n. nffliJ^V^? h/11 «y 
n««« 2 3*<JBfifc$*U &nflij*®2 3±KfcU V 

ttS 1 6±(-s ^fyyin, p flfet/f-f KS 1 8 > p #J * 5 y KS 1 

9&tfpffij3>** ^^2 0frmmztiTpm j mm<D*mwmi&2 52^ 
yf-Y-tf^-rj >ym(DpM'*y Kti*w$n§ 0 nc*?. 
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(Sfi 1 0 ) 

5if7 7 ^7s ^©ftfe. Xh°*;l/ (MgAl 2 0 4 ) ©«k9«lfe«tt©Sffi 
©fife. S i C (6H, 4H. 3C$ti?) > ZnS. ZnO. G a A s > 
G a N9©^»Sfi%fflt^ C 5« 
('<^7 7 I1 1) 

'<y7rMl Hi, IN, GaN, AlGaN, InGaNI 

£9 0 0°C£TF©&JgT:'j&g£-t±T\ fflSIWH-* h n - A-ifc^:* 

ha-AiC^Jdc-r^o wO/< 9 7rIlll^ *££Sft4&¥*(* 

(I20a'77 7 11 1 2) 

*2'©/<»77lll2l^ Bu§5'<-y 7 r«l lOiCs ffiJE'* -y 7 r 
Jf<k9 ti^MT^S$i±^#M^©^t^^ct QtlZM-V&t), '<v 
7tM1 1 «t<3 *>m<Ml&&tlZ>o d©J»2©'<v 7tM1 1 2li^»wfi)c 

7 rill 1 2ti0J*tf I nxA 1 vGa,.x-»N (O^X. O^Y. X + Y 
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K--7-CA 1 (YD #0. l£TF©A.l vG a,.»N, L< teT 

l20'<->7ril 1 2©i£IH4£&<-?£. ^i:^2^<777il 
©^ •y^r^l 1 2£JfcJ&T-££ 0 C©nffiiJ=i>^^ hjf 1 2 tii@ 

/Jn$^. *§altt©^^^2©^^y-7 r jil 1 2£/&S$-t*£:: tCck^K 
UT2gS*^^ < igii&©m^n$Jn hill 2 £it$£lftJP < 

StT^So COfcJ6nlA.y7ril 1 2 *JBfiJc"TS C <ktt < nfija 

$-ti:5-<!r^T^/i^o S^T. :0|2 0^<7 7rll 1 2 te> 

< 12 0 . 5 # m£Lh. * L < « 1 u m£Lh. 2 0// mEtTKSSS-r 
£C <t*<M£ U<^ 0 3&2©'<v7tJB112*<0. 1 jt/m«k*3 t>ig^£ N 
nfiijn>^^ bill 2©J£ffitt©|S|±#** *>Sa&ttl\, £*:2 0//m<£ 
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wz>*)'<v7 TmtXsXV&m&'&TtZo $^20^777111 
2^20 (im*mz_m^mm-et£mftm< j&s mttzms, ^om&tL 
t. mmm<Dft±&mf z>tiz> 0 -n-v u—ifm^zimistzm&iz, m 
2 0'<v7rmi 1 2 9 -f-r < p-if^©^^fS]±-r'5o 

$ tfft©Mn7fc#S&2©'<>* 7 7 ill 2rtTl£^oT> ffiFffi> 

1-GaNs S i C N Z n OfOilttSfi^fffl Ufci§£KliiiriB& UT.k 
(nffl!|n>^ hill 2) 
JfT&<K Si hWOGaN^WOO. 2#mR_tx 4 (im 

Hf2]K&£o confflijn Ml 2 <DmitV>)¥-mmz Y—~7~?Z> nl 

^i»©«Bffltil x 1 0 17 /cm 3 ~l x 1 0 21 /cm 3 ©$5ffl s L 
<(*> 1 x 1 0 18 /cni 3 -l x 1 0 19 /ciu 3 i:iIt^:i^il 1 
x 1 0 1 Vein 3 J; K> ^ t n m@W*4 <t$f * U>*- ^ y 

niw<</i*©^ i/-if*?"cii«iii* N m&oi&T^mnb-r. ix 

t YMl 2{C*n>ThU n«^2 3 t<DJt- I v < 

■tztzftiz^ wmmny? ? mi 2 ©4-+ >; y»K£±cr «fc»K*tt 
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n<8ij=i hM12 itmW^G a N, SiC, Z n Of©^ittSjg^ 

$Kli^2 0^'7 7 7 Il 1 J:?) fcRJ?3^»^nffl|3^^^ hJil 2© 

£ m 1 © S t » 2 CDS <t $ tlX ta 2> Mfe^-mm t L /= 
Ji^fifciNTIi. L< {I/O K** y ^^^^-©/hS^ji^SJtB 
$-ti-Tnm®2 3^Mt^: tfCck *k nfi2 3 <k©SM4ffitt*<(S < 

-;»^^H^5nli2 3©TOtlTliAl, Ti, W, Si, Z 
n, Sn, I n L< li £ft*o 

So 

y *8frjkSl 3) 

?5 -y ?B£lh/f 1 3I2> #>J/Lte\ S i £5 x 1 0 ,8 /cm 3 K-7°L^ I 
no.iGao.sN^^ttt), #J*J2 N 5 0 0 * h n- AcDgUS^WT 

So -y ^BSit/Il 3li I n^^trnlOH»iftv L< 

fc. >y ?tt±mi 3IS1 0 0*>?'X hP-A£(±, 0. 5jum 
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lix ^ll^mo^KnfciJriV^ h/f i 2 *8tt?£-f * 
fe(i»HJSJEfi*-**n«^5 v Kill 4&jffift ; ?JI£-r«5*£fctt£i&L 

( n Mtt^Ffr 6tt 5n#j^7 KI14) 
nffl*5 >y K»(4n 0J*tf.S i £5 x 1 0 18 /cm 3 K-^lfcnlA 1 0 

»2 0JBt*<S55:cS|jB$*i^jaiS ; ?SJ:*3 3S»)x ^T^IiO. 5# 

A 1 £^i?glfc^¥^{*, ff $ L < l*A 1 G a N£j?Jc;fi£-£& d <kj&<g£ 
U<U 10 0^>^Fd-^±, 2#mJ2TF> U < li 5 0 

UTB3l;ii«)S*^fiJc-C#*o :®nl^77 KI14ltf-OgW 

(nffifl#*H' KM 15) 

nWfttfJ KS1 5li. S i £5 x l O'Vcrn 3 K-^L^nM 

GaN^^i^ 0. l/im©^f^t5o C © n m^tp^ h"M 6 li. 
f£&MQ>1bii 4 h'Mt UTfPffl U GaN, InGaNHI^TM 
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ytm h'm i 5 bmfe?-mK-?zztfrT%z>o nmytm khi 5. n 

(?£teJI 1 6 ) 

Stll 6(ix #JxJi\ S i £8 x 1 0 18 /cm 3 T- K-:/Ufc In 0 .»G 
ao-sNcfcOttO. 2 5ty^hP-AOlff^ft5#pI<i:^ Si 
£8x1 0 I8 /cm 3 h'-^Ltz I no.oslGao.asNct^if), 5 0^>** 

£>So ^ o i Sttl 1 6 tig i t § i: 

•7x.*j\/#—t}<^isi,ymmmt*mm-$-ztz*b^ m^m tumults nz> 0 
x-wmomzit. i oo*>?x hn-A^ u< 127 o*>r* 

9- 1 4 8 6 7 8^&« OfcBfctftHKIO 8/7 4 3. 7 2 9ii, #B8¥ 
9- 1 4 8 6 7 8^*Sai£ UTdJBIL/c &©T£>6o ) fCfc^T^L 
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(p#j^i- vzrmi 7) 

p flfl* + *y :/Jf 1 7 iSttS 1 6 ck <3 *> / < > + v -f x* # 
0>J*tfx Mg^l x 1 0 Z0 /cm 3 K-^UfcpiA l,. 3 Ga 0 ., 
NJ: K)*ZK), mZ-li* 2 0 0*>?*X h a - A®igJ?£W-r£o 
I2m CO^fc. * + y-TJil 7&mi^Z>z.£fr&£ U^<> CCD 

-:/UT* + 'JT^M^ti/: i mt LTfcS^o pi+t7^11 7© 
J^mfiO. l//mJ£*T. L< (25 0 0*>?'X ho-A£lT. 

^&$fi: L< Ii3 0 0*>^X h n-AJ^Ttcl^lg-r-So 0. l//m«kf9 

mi^mm-?j&&£-&2>t, pffl^+>y7ii 7^K^-y?a<A9 j ?>-r< 

A 1 ©fflj£J£*<;*:#^A 1 GaN^ffl^T^tSCiW* b<, ^A 
lGaN^i<Mt5i, LD^(22j§j§l,^-f < ft& 0 ^IJx.|i\ YI 
2&>±<DA 1 yG a i-yNT*>ni^ 5 0 0;f h a-AJSJTi::U§ 

(pfflftav Kill 8) 
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vMifcif'f K«18lix '<"s b'¥+ ^x*^-*<pj||j+ t y ^JB 1 7 
-k 0 fc'hS^x fll*.l*> Mg£l x 1 0 20 /cm 3 K-^UpIG aNiO 
tttK 0. l|tmO«)|^t5o CCDpfliBfe^V KB 181*. gttll 
6 ©ftflW KB& UTfPffl nflflsfctf-r KB 1 5 <fcP b < G a N. In 

KB1 9*j£g$-£*IR0'<y "7 r»<»: UT&fEffl U 10 0*>?'X h 
p-A—5 #nu Kli2 0 0ty/7 Fd-a~ 1 ^m©H 

IfM^^SCiCJ;^ KliUt^fflt5 0 COp 

{fljfttf-f KBtt9ffil*Mg«0p§2:ftK'fo& K--7°LTp^©^ltM<i:-r 

K-^unc < t^^^o <c*>^ ceo pfiij^t ^f>r kb£ 

(pfl'J^ >y KB1 9=®t&^Ji) 

P$J?5<y KB1 9iis 0»J;ll** Mg^lxl 0 20 /cm 3 K-T/UfcpM 
A 1 0 . 2 Ga 0 . 8 N«k^j:!)s 0J*.t*x 2 O^V^x h a - ^(DmW-^-T 
zmiOMt, ^J^IfMg^l x l 0 20 /cm 3 K-^l^pIG aNJ;0« 
<3> 2 0*>t'X h o-A©jg|J5£^S£2©S£#£:EC8IB3ttrt: 
ifitt?Ji3^&tt*o C©p#J^^ y KB1 9 IS, n#J? 5 v KB 1 4 
D<* + U TBIb&a&Bi UTfisfflU 4$J::pMJI©*£!a^£{£T£-bl-£ 
tzVXDMt bTftm-fZo :opl^77 KB 1 9 ©&fft>4#twlB£Utt 
1 0 0*>?X hn-A^ S U < Ii5 0 

(pflMa hJf 2 0) 

p{R"j3 hji 2 Oli* pffliJ?^ -y KB 1 9©±K, fljx.^ Mg£ 
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2x1 OVcm 3 F-rbfcpIG a Net t>#*K ^Jx.{^ 1 5 0*> 
>fX hn-AORB^ftSo C©p{|iJ=i>^^ bJ12 012 pS!© I n, 
AlvGa.-x-vN (O^X. O^Y. X + Y^l) ■Cil^tSCi^'Ct, 

m*5 0 0*>?'x h a-A^T. $ £iCfiF3 U< 3 OOt^n ho 
— a^ITn £ U< (32 0 0t>/^ ho-AKTi:iSgt5o tt-tf 
±£EU/Cek9lC*£iJtWifcQ • cmg(±t>*5pIIW^I 

l©Jl<i:lFS2©Jf <b£1SJf U 11+^2+11+^2 + - • • t^?± 

m-r^ck9(rf p«@2 i tut = y f&mtm^ti&o 

Pli2 l©#*4i:LT(;U ^iJ^li'N K P d. N i / humttmiZZ. 

*/c N *nmmm2-cn, 1212^-^ 2 1 nti2 3 

KCgl^tlfcp^'y K«@2 2. R0 ; nli2 3iii$tl/:nA'7 K 
m@2 4«$ti5o C©p/N°. y K^@2 2(*HKfl*jncpm@2 1©^ 



42 



WO 98/31055 



PCT/JP98/00025 



I^5^Kil9*«^5. CtiKekoT. *%ffi&m2 (OW.it®* 
mwm=jrl^ Kill 9 0ffiiJtM^s j@ttTF«ii*Wbtt^pffli 

^5«y KJiKJtttUT i«r£Ltig<-fsc hme^ m 

¥*(**pfl!J=i >^ 9 M20t LTn -E-©Mff£5 0 0:*>**X hn- 
AJKT<fcSI<J&fifc"rS££K«k^ HKttKpflJ=»>** hJ12 0©* + 
•J7iS*<K<tt») p«S<tjff*U^-$ ^**»&tlT, S^OWHi 

■e-SIOtw, f 2 0A' y 77111 2£4ftX.T<^'£CD-C\ i2 0^'>y 7 r Ji 
1 1 2©±»cjsJt**-&*a[<t«j¥*(*/i©tSfitt*a<T*^ gi&*fr©* 
^^H^T-t^o b< i20/<7 7 7 il 1 2®±{CgJcS$-ti-5 

tijs^ *5U!MBJB2«DLD*?TM: I nGaNCi?/^ *J>tt < £ fc-f 
>y^A*^t,^t«5^(**ffittiBl 6I::*jI**£KM\ InxGa, 
-xNi, A 1 yG a i-YN£#3SSK8Ui$ft;fc&;fe^JI£ % 16* 
tfcHrTSJI (nffld* 5 v KJi 1 4RtfpfliJ* 5 >y KS 1 9) t LXmi^Z 
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I nG aNI4*£B©ttH*Mfe®A 1 G aNOi^iA 1 Hc&ttmt 

#HiteJ&flS 2 ©«k -5 Ci?#p 1fjg£- WTSSttJI 1 6 £W-T £ 
^pfcii©*****?©!*!^ ^©S&ill 6{CSL/T. gttll 6<fc 
0 K* + .y^x^^-^l^IO. 1 A*mJ2TF©gfl:«5¥* 

(*J;^ < i:«pi++«y7'I17> ff*L< I4A 1 &£irgfl:#f¥*<*J: <9 
£ £ P flJ* +7/117 s ^© p ffiiJ4=- + -y -?m 1 7 ck «9 &m&Mfr 
^>mtifz&m^ pfl!|* + y^Il 7ck^ K^> .y/x^/^-^ 

/jN$C>p#J5fe^ KM 1 ^OpIJW KS1 8£<9 *>St£JI 

fr&IMxfctoBlCs pffibttfy KS1 8«k*9 K^ + -yTWc^g 
J?£ U< liA 1 *£frg4'fc&¥#<**£t:iBte : ?«i6*W"f 
3p$J^5 y KM 1 9 Z z twmKifr$ U\> L/^tp«*+7 
^11 7©'<> K^+ < UT&£*:a6> nJi^£& 

A^n/cm^ 1 *^ Cl©p$J* + y/H 7T-piih$tlTWDiAi6^tl. « 

?*<SttJi* * -/<-7o-Uii^fei:, ^^© y - * a<4>«: < ft 

na£mfliJ©¥##0J£2 0 2K4>tt< 1 1> HSUTi^lifi < . £/cp 
^©SHfc^SfcJSttSl 6rt^±©p#*M©¥*#®«2 5 2{c^/«c< 

ffi. Ls mam^mitpmmm(D^mwmm.2 5 2 rc^-a- + 
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m®2 o 2 \zmi&-r2>m& an mm 23 vrnvtzmmm am t uxona 

isJtSnfcSU H£^£te^#B5L fi*M»+T? N 4 0 0°c^ 

±> 0J*I*7 0 0°CTT-- l> >/^?:Wtl< N CftirioT. 

CtldctoT. $fc>lcHfifi«EE*fi<"r«5^<i:*<t?t5o 

^2 1 izMLXtE^MmznM^ h m&Mtii $tts ^Onfj3 > 

HSI©l5iJiii:nlg2 3*Sim^o c®J;9(:> &&t£ 
Sfi^ffll^^pli2 1 0S#Ji:£Mi;n«i2 3 £1ii£ 

ISJT^U^^S (*fiSi) CS i0 2 iTi 0 2 J:*Jtt<SBS*#^Ji 
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J!® <h & USE X h7 / f ~?M<D U—yy^ 3r— KT&oT. S3(*> U- 
l>£ 0 I§3 3^#MUT*^HgcD||Jfe^^3(ro^TlfeH^-r^o 

*fcT*yK SiC. Si. GaAs, Zn Of ©TOJ; ^aSSS 
©±l=Jdt:g£ft^ ^I^li'^ffl 0 timM±(DG aNil^fo tt*>\ 

*> ck t > U . & i£-r 3 HSfe^J (c ^ -T J: -5 iz. L ft ^ Tffl ^ T *> ck I * (El 8 )o 
lilt Si K - IG a N i f) S A' y 7 7 It* I) , 

1 4M\ 0lJx.l*lg|J¥4 Ot>^7hn-A(DS i K-^nIA 1 02G 
a 0 . 8 N (^1©IW^I) iMS:4 0^>^'X hD-A©T> K 
-7° (undope) G a NI Cm 2 <DmitM*m&M) ti)<^mzl 0 Off 

1 5 (i. n m ? 3 * KS 1 4 <*:> 7£ttJf 1 6 £ ©F^K* <9 > nMt^v 
KJB1 40A 1 0.2G a 0 .8N«k*j K^-r 77*1^;^-^ 

^J^.I^T> K-^G a Nek n#J#-r FS^-To 

£Lk© n|J/<77 7 llh n m 9 5 v KJf 1 4 Rtf n mibiM VM 1 

1 6li. M^3 0 |> n-A© I n 0 . 2 G a o.eN«k *?/«£.5#pJ§ 
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1 7IS> SttJIl 6 0#Pl©/<> K*> 7 ^;^-J:n^<x 
pflj7fc#V KJB 1 8©'<> K¥ + y-fx.*A/*P-&*) *>*#^. mz-ttM 
g K-^piA 1 o.sG a 0 .7Ncfc >9te2> pffii]** v7m%m? 0 C©p#J 
4 s - ♦ v^mi 1<D'<> K*> *:/.x.*;M*-l*jJ£ L< ti. iS&^lixg© 
p«J*5y KJS1 9©'<> K*> .y^x^yi/^-o/jN^t^oI^^ 
#JB (»4©S^¥*«:ii) «t>*#<-rs 0 

18 (is p«^5»KI19^ gttil6ioHi:*0> pfll^y 
KJB 1 9®A 1 0.2G ao.sN^ 0 &/J\£w<> K¥+ y Xx-^/M*— 
■T«x tf 7 > K-^G a N i *) * p «^ KJB**-*". 

19li> SttJB^^>Bti^:fl[«K*f) N #Jx.(£$tJ?4 O^y^'x b d- 
A©Mg K-ypIA 1 0.2G a 0 . 8 N<tMiP4 0t>^hn-A(D7> 
K-7 (undope) GaNlt^H:l 0 Oiim® SFtlTtt^ffltt^lBJi 

©p{IJ?5 >y K«*^^"o 

2 0(2. p&Wyv KS1 9 ©A 1 0.2G a o.sNcfc 0 t>/h£^'<> K*> 

h JB ^r^-To &±© p ffliJ* + -y 1 7 . p fljfttf KS 1 8 . p ffifl * 7 >y 
KJB1 9&O t pfli]:3>^ h^2 0Ki^Tp**ffi!l©3M*<*&«2 5 3 

C©«t-5(C^B^©||jgjgS3©U-if^(i. G aNISI 0 0©± 

iz±®<D&m{t®*¥-m#m 1 1 , 1 a ~ 2 0 $ n/c^ji^w itfe 
p*^77 ksi 9*^e>±©s^^si»sn*j^Tx >y 

^a^/dc£ft> U «y >>*3fc®fc*5 pfflijzi b JB 2 0 ©««^ffiic p 
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n&2 lfr&j&ztix^&o — mmztitznm'<v y rii ion 

(±®) !:iinli2 3^M$ntl^ 0 *IMH3-CI^ nii2 
3(in{|iJ^'>y7 r jil KDmmizj&f&ZtiTl^Zfr. lSiLT*<GaN 
S&l 0 O^ffl^Tl^©^ n«@£?£j£-r£g&#£G aNSSl 0 0 
ttx 7 f>ntGaNSSl 0 0©S®£Htfc£iK -E-©Sgtb £i±/c 
GaNSSl 0 OO^Sfr nm^^-^^UTlRj— MJ K p m& <fc n m& £ 

BWk2 5*<Mc£*U nii2 3 irp«^2 1 ±©*£iiiM 2 5 ©&8DSB£ 
OTttttl^o Sttl <!: G a N Si 1 0 0 i ©ftl C I) -5 llktl¥* 

*&W(DnmBm 3 © u— tf afrfTti* 121 3 c^-r^tts 1 6 ©tsujc 
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U< 14 7 0*>?'X b o-AJBtT. L< (41 0-40t^rxh 

{4#{rPS^$n-T. 11I?JI£U:T£>*II4*<U^ BUIB© «fc 9 K 1 0* > 

4>tt< £i> A 1 $^t?Slti^(*, $r£U<t4A 1 xGa.-xN (0<X 
£1) *fi£S$-ar*-<t*<a*Ul>o 3&2©g4b^¥#ftl4lill © 

ni4<£f©«k9ttk©T*>Ht^ if* L< l4/£5#SST-^oMJit£cD.S 
l> A 1 y G a i -yN (0^Y<1, X > Y\ I n Z G a i -z 

n co^z<i) o «fc ■? ^ 2 Tcsaa^ 3 7bu^ e (Dmit^mwx^m-r?>o 

ffi> *^^T(4. ^lOlW^tS I n&^ttt^A 1 xG a,-xN (0 
<X< 1) <tU ^2®IWi<*liA 1 n z Ga,. 2 N (0 

^Z<1) <t-T<5C«k*<$^JC«f*U< x nfCtfeSttCfftlfejStt^* 
*§S£^9,&J^£^9 11 ©g-fb^^Mlttt ITA 1 MSkit (Yfit) 
0. 3^T©A 1 xG a ,-xN (0 <X^ 0. 3) ^2®MlJ# 

A 1 xGa,-xN (0<X<1) *ffl^T*l®a<k«B^*(**3B 
filcU GaN£ffl^TS&2©g*t&¥S<*£^JifcUrt:*^ ^T©4^a 

!«&±«*irt:*ij&£*rrso -r«t>-&^ w^MMffl^is cmovpe 

; metal organic vapor phase epitaxy) i:i5A 1 xG ai-xN (0<X 
<1) IS^GaNlOlfiSCfc^tli, ^-Tti©® t>IHbH 2 J?fflSi* 

&r>T. 1?i^^5C<t^< A 1 xG a i 
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.xN co<x< i) mtG &Nmt*&mz]&&iiitzztiz&y)m&=?- 
x &f&i- z> >&w&$> s Mte^m & mm -r & ±t@ #> t * § « m&x & z » 

Ts A l SfiJi0ffil^fc4&iM*{*3&<&£a< % ft^TttA l SSJtOJ^^ 
fflft^»*fllsJE-i- 5f l©M^#Ii IT0A l GaNl^A 
SJtOSJ^iS*lSatt^< fifeS "C^SCDTx ytffit&tb, *+y7«i;& 

€ 1 4©mi omitm^m&m ±m 2 (Dmt®¥&ftm t® nm^t&Mfe 

-y-f^ix :o^SS K-^JC^-pTk BUSMEN Vff^fiT^-fr-S: 
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/fX©fg»H«fcS<i:itm$nSo 2fcpJi©«£ N AlGaNliGaNi: 
JfctfcLTffii»a<S&l\, -&:T'AlGaNO^i:pIMi^< K — 7" 

1 GaNliGa NJBKMg^MT K-7°Lfc«£> A 1 G a N/lT'li 
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Ni©7 t-tyf-mtiLOmtSteA 1 G.aNIi:J£^Tg<, MgOgft 
ft*tti*l\> #J*-l*Mg£l x 1 0 20 /cm 3 K— 7°LT fcGa N"Cli 1 x 
.1 0 18 /cm 3 fl£©** U T^-e*>^CD(C*f A 1 G aNTlil x 1 
0 17 /aD 3 Hft®* + U 7i*L^»6fttttx 0 ^:ts *?gi^T'liA 1 
GaN/GaNtt?gft?t U + U .7»K*<*§ ttiS G a NJi©^ 

MSKO^^A 1 G a NJffc^Krr 'J7I1A IGaN 

ac*>^^T^^*6%IO»»*lai:^i^gi^■t*^^i&T?#x *>oa iGaNi 

i*> lxlO'Vcra^lxioVcDi 3 , $bi:ff^L<{ilxl0 18 / 
cm 3 ~5 x 1 0 19 /cm 3 ©iSffliCilfg-r£ o lxl 0 ,T /cii 3 «k 9 t>*JW* 
f 2 0itt»ii0i^/j: < 4^T, 'J7l^#^ 
^*<?it>n»C< (,*«|6|K:*(K t/:lxi 0 20 /cm 3 <fc t) t>^£. ^ 

* U< til/1 0Jst±2J>ttl*#j&<H* Ui\, U< «*T> K-^i 
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I20lW^I©nIWIf *q x 1 0 1 9 /cm 3 £lT-e£>ni4. 
^BJOflPffl^^x.^tl'l.o nl^«!i LT(4S i . Ge s Se. S. 

*^Bj©^ii^S3©L/-if^^-e(i> S 3 C^-TS&Ji 1 6 (0 
<t«»^(**t. 3&3©34b&¥s»{*/B«k*J K¥ + ^x*^- 

kjii 9*tLT^«, -©p(9j^-5 >y km i 9 om^m^mm.-r zm 

3> &4©3fk«3*M*#B©«ff*> N nflj*5 >y KJil 4 <fclolb<. 10 

u< (4i o~4 o^-v^'x ha-<uommicm&-?z>o mw^. 

AlxGa,.xN (0<X£1) £ £>b<M£ L< „ f 4®M 

U< (4 A lvGa.-vN (0^Y< K X>Y) JnzGa 
i-zN (O^Z^l) 0«k9tt27c8iix 37cSSO^k«5^*(**fiJcS 

p#j^5>y k»i 9 ^ fflft^iiJft^i/— if*?*: 

n i ^ 7 y KI 1 4 Of^ffl t i UT* 5 ZZKnMm 
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p mmizfej$,-t %> c t o . mmmEE^& < -r s&^M^ii 

##X&SC<fc#fcD£;ftXt^o p MISSES* fci6pS**&«|* K-y 

C'ftfFJg 2 5 4 0 7 9 1 ^) o l^Lpa^it»tLfc<b^otfe^© 
ISft^i^Q • cmj£Lt*>&£ 0 ^-cx% copgyji^jg^^jii-r^ - t 

«Sfe^Sg3T-(i. p#J^5-y Kll 9©^3®lW#{*IiI4 
*#<s fe-5-^Oii©^WJK^^$ < -T'Bo nfflij^^-y Kill At 

pm^nmrnfettz < ux. /<> k*> •y-7 B i^;i/^-©/j\$/«i:^4© 

f ^£<£T£-tb£;: <t#X£S 0 

^ncm3©^b»^^©pMTO#l-/iJ^^/h$ < LX K*>«y 

%2>omikm*m&m^<Du-£ K-^si uxia 1 x 1 o i8 /cn> 3 

-1 x 1 0 21 /cm\ $ ^HifiFS Klilxl 0 19 /cm 3 ~5 x 1 0 2 Vcm 
3 <Dmmizmm~fZ>o lxlO ,8 /cni 3 J;<9t>4>*j:^ch. I4ClWi 

\zhK), &tzl x 1 0 2, /cni 3 J;0 h^^t, MHte*<B < £ ®mizfy 
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MiltliMg, Zru Ca. B e * <D^JH^*miIAfi| N IIB^5c 

K&m-tzmft) o^mwk^$< u< i*t> K-y) ^sd: 

S i £ K-^lfcA 1 GaNli, T V K-7°©G a Nil iTWI* 
J^sJcLfcii^. A 1 G a NJ112S i £ K-T/bT^-SCDT — <t ITl 
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^mta 5 0 in*»G aN^^-r^m?©?*.. a i g 

a NSiCi£^g|5^-^3lii-r-5«^|i N A 1 G a NJIcjacDG a NlCifigt 
6^#i::£&nM^iMK:*-> (-©if^S i) ©ifcgL£^4>/«£ (5 £ 
tt£o _hxE©cfc 9 CA 1 G a NMlZtel^T ^ G a NJf KliEg-T £ 

SU^^T> K-^ir-r-Si. A 1 G aNmizm^ftZMMi-ZM^frS 
i ©ffcSL^ttJC < < #£<DT\ $bi:7 > K-T'G a Njfo^ljS^lS] 

£*_L. nffl^7f KI14s P #J * -5 -y KM 1 9 £jgte^JI <k "T & C <h 
i:oi>T^lfc^ *58B^-ci*ie*S^«(4 x C©ftfe. Mil 
t0nlW.y7 7 ill> nfflbfctfW KJf 1 5. p<H!Mr + >y 1 7. p 

*9g^^«=>nsti3ts> m&miz&vtzm, ^oji-cfceft? 

itt?I^^in|^y KJB1 4igftll 6<i:OBg»w N 
Coif^nlM) Wlx l 0 19 /cm 3 J^TKII§&$n/cn{IBfc 
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KI15*W^nT^§ 0 confflBttf-f KJB1 5li> T>K-y 

*|gB^lc*j^T«. 1 x 1 0 19 /cm 3 jaT© K-^Jfr**itfx fttf-r K 

bbk&^T. nmtit* b'M 1 5 ©M«Sli 1 x 1 0 ,8 /cm 3 i^TT 
hZ>Z.ti)Wl£. L < s 1 x 1 0 17 /cm 3 OTt?*)^C b< . 

T> K-7 P -C*>5 C <h*<^t>JiF £ U\, C©n(H3fe5y-r K»« I n 

vmi 9 tgttii 6 t&miz^ -?mm co^pimw 

x 1 0 ,9 /cm 3 &TlCire$n/cpffliJft#V KJI1 8 >WBJ&£ftT^3o 
*|gl!Si:fc^Tx pflJrtM KS1 8<D?«ttIKI2, 1 x 1 0 19 /cm 3 J£l 
TT**iliJ:0^x £F£ Llr^tt«Bai*lil x 1 0 1 Vcm^TT* *9 . 

wtisXz<DvMytJf'< kjii 8izx^x< £^r#i&*>fc6„ ft. c© P #j 

K«fc I n £^ir^fc%¥^{*. SfcliGaNtIfi£t5:i*<I 
Sttil©^7lc)Kg(iil#3 6 0 — 5 2 0 nmOil, ^T'fe 3 8 0 — 45 
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-f S*fc©«iRspj&<fi^e Sot, TVh'-^IWift^ f^lTS 

SI 8tgttll 6i©flCs SttJI©#FJl^ SO'plW'-f KB 1 811 
®©/<> K^ + y yoi^yl/^-ck 0 k^> y yjc*yl/4*-* 

ft^IIO. 1 i±m\>XT(Dmtm*m>W& *) tt* p«* + «y 7°® 1 7# 
M$ntU0> ^©pfflij^+ v 7»©^tt4*rMj&< 1 x 1 0 18 /cm 3 £Lh 
(Ci^^^tlT^-Sc C©pM*+ 7^1 1 7©Kff«0. ltfmfiTF* $ 
±>K&-£ Kli5 0 0ty^'x h o-A^iT. M&ftt L< (4 3 0 
^7hD-A«Ti:«St5o 0. 1 ^m^Om^MIST^g^-ti-Si. 
Pl+t v7M 1 7*£?7 v ^^A^t < fctK S£Hte©JH^l:<l25 

-***S£B*gttBi;:&LT* 0. 1 /zmJ^T©^MT^-r-S- ii: 
1 0 ,8 /cm 3 £U:lc|lig-f £i&^#£>£ 0 -Ttefc^s d ©4- + y yjliaitiS 
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ft a 1 2gaJt©B&i>ji-c**K a i miktkvm^mtemi&in.izuQ'p-fi,^ 

Ttf'T^<=>tt<,^ CCDSjTOftt/tfc i M<D£i lZt£*)^ p-i-n*iig 

J^±©J:9{r^$tl/c||^g^3©^-1f^(i^ nl^7 7 KS 1 
4&tfpffl*5* KS1 Q^iStt^WJft-CfllfiJSLTC^^T. nflM*5-v 
KS1 4SU f pfiiJ*5 •* K« 1 9 ©*Slffiifc*ffi < ^MSI££{g< 

i^±ommmm 3 -chu n #j ? 5 ? ks 1 4 p * 5 •* ks 19^ 

fflft^WJfit Ufc*< N *^BJ(iCti(C|5gt>-r N nflj*5* KS14Rtfp 

fflij^^ y ksi 9(Dr>%<D£%h>fr-y3%:mteirffimt itu^o e*± 

H#&BS3-Cte. ni^7 7 KI14Mpi^7 7 KSI 9 £ 
Hfe^fcifti: Lrt:*^ *5i6H^{ictiir|S £t\ nfflfl^-y KSI 4SlO*p 
fli]^-y KSI 9^^©p#JRC>*nffliJ©g>fb^5|E{*S©^-rn^loJ^ 

Et±©^J6JBflB3"ei;i\ U— tf^trfe^TnffliJ^^ -y KS 1 4 p 
**-K (LED) ffe0^t^*(**^»zafflT**Cil4C>9* 
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{T : tfrfp&jg (K) N To : (K) } 0 V— !f T 0 # 

#1 5 0K£Lt£>3o - L D©^#tt*^^{l«tLT^5 C 

mmmm4. 

m 9 (2 (z ^ 3 Hflfe^ 4 © U - if © J&ft £ ^ Thiilitift ft M^l 
(T*feJI3 0 2) 

Til3 0 2!^ £>J;Ui\ 4 //m©j?£cDG a Na^te 0. ^JxJ*-*? T 
^7ck^j:SMSSS3 0 1±K. GaNJ:<5/«»:£20 0*>^'X hn- 

Vi&L&Z'ilotztbCbmt UTSH^o TifcJI3 0 2liG aNXiiA 1 X G 
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ai-,N-CJ&J5fc$ft**<s A 1 Z£t?m&lZliA i m&itxm&o. 5£TF 
OAUGai-xN (0^X^0.5) d <ta<M £ Lt,\, 0.5 

J£li'<«v 7 r «9 *>JS^tt*-CfiJtS$"-ti:Tx 1 0 AimJSTFOKfftCM 
-?Z>Zti)<W£ U\, ft. Jta8&3 0 1 r'fTOI, S i C, Z 

nCK Xt^;k G a A s 4?©S^¥S»ft:*fifeS$li: 5^:46 trftl^tLT 

M13 0 3) 

«iI3 0 3l^ TtI3 0 2±i:, #fi2rflK+£ttft$**U HI 
1 OAm, ff£ 1 #m©S i 0 2 K*<2 limfm\zmtiuZtl&o ft, 
13 0 3©MtbTli7h7>r^ K-y Sll^t'Oi^j: 
BttTkm^. (S i 0 2 *<3^J5£SnTlr^^T«I«3 0 2 OS® 
#f£tBUT^£gff#) «k»> &&MM3 0 3©®»#*£ <^^«k9{c^-5 

U\, Sii3 0 3©TO£ LThL Wx.iiK-fb'ir-f'* (S i 0«) >^ft 
(S i ,Nv) > mt^?> (T i Ox) MtiS*=i-V A(Z r O.) 

#©8Mb«Sx Sffc^ tfccnbO^iloi, 120 ovm±<Dm&* 
(*©BJcsaac6 o o°c~i i o o°c©asf;:*>i6t>u ^©iiciitw 

(MWiftlS3 0 4) 

mit®*m&mWl 3 0 4 I*. 7>K-/GaN*<«8R3 0 3 

±i:MOVPEffi*ffl^TMIi2 0 ^m©H^ir^g$n-5o ZCDMit 
«5^»(*»«3 0 4«^-5-< KSlffififefiS (HVPE) £-ffi(,>T/£S$-t!- 
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5ci^T§-5^ c©J;-5i:M0VPE!Si:j;^S$-ti-5Ci: t>T§ 
&o Mlb«3¥*#S«« In, Al ££Sttlr>G a NMH«:i*< 
L<. /tfc:gB#©*f*<t LT14. TMGOflk. h'JxfM'Jf A 
(TEG) *©#«/f»;^A^«J*ffll^ g*SI47>*-7x 
14k K5i?v*ffl^«ci*<*fea* U\, :®GaNSti:S i . 

Ge|OnI7» K-7lT^t U 7M«*£ttfBlBK:fllSE UT t> 
<Un 0 #cliSE3 0 1. T3WI3 0 2. &mm3 0 3^4UTfffi 

¥*ftgtS3 0 4 CnMfe^ K-7f5:i^IS U\, 
(nfflip< y "7 r «3 1 1 =fEnffliJ=i h®) 
nflj/<y 7 t«3 1 1 (4. Sfl:«&¥S*f*£ffi3 0 4±K. #ijx.(4\ S i 
#3 x 1 0 l8 /cm 3 K-7$nfcGa N#5 #mCDJ?${C^j£$ftT/«E<5o 
:©'<y77l3 11 14. 0 9©<fc7tt1i&©fgftfr?£ftg!U/ciiI£{:: 

3 0 1 ~«»BI 3 0 3 IT, l^fel^ftSS 3 0 4 

Sifi&fHi. nffl'<y "7 ri3 1 1 te^Ufc-rsc: t fe-C£3 0 C©n{|iJ/<-y 
7 7® 3 1 1 l4KfflTj£g3#*'<-y7TJlT*fK ^J^(4^7 r -f T. 
S i C. ^hr*yU©ck7i:^b^a»(*liiS/j:*^«l:*5^'SS®©± 
K. 9 0 0 o C^T©f6za(CfcHNT. G a N N A 1 Nf 0. 5#m£lT 
©Kff-CitlgfiJcS 7 rJf £(4EJ3iJ£ft<5o 

(7 5 «v 7B£ibJI3 1 2) 

7 5 -y 7 BSitJl 3 1 2(4. mz-l*nM'<<y 7rJI3 ll±i:0. 1 5 u 
m©*£(;:/&g£;ftfc I ni.oiGao.iiNiOttSo 
(n{|iJ7 5 >y K«3 1 3=Stt : ?») 

nffliJ7 5 v KM 3 1 314. #J*.I4\ 2 5 * V7'7. h u- A<DJgJ?£W L 
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S i#l x 1 0 18 /cm 3 K-^$W:nIA 1 „ . , 6 G a 0 . 84NJ: 0 t£Z& 1 
OSis 2 5^>rx ho-A©H^ft§7> K-y©GaNJ:0*i: 
£S& 2 ©« £ #£SK«JI $ tl/cig^ji^ «9 . ^0¥*^Jx.i^ 1 . 

3 13liAl?^||^8. 0%"C£>£CDTx ^©JBifP£CD;»te9. 6 £ 
tt£ 0 nMt^v KJB3 1 3 <!: L/Tx IlM^<> 

tlfr—j3<DmiZ&< K-^L/T. ^t>^-S^|^ K-^^-|T9 <hg|fil^:ig< 

CnffiiJfttfV K*3 1 4) 
nWtif* KM 3 1 4 lis 0>Jx.l*O. 1 /zm0MSCKJ&g$*ifc7> K 

ftfflUGaN, I n G a N^S^-ti-TJ^fifc-rs d i^It U < . i!3t 

1 tfmORff-efiftg 
(SttS 3 15) 

?g&Jf 3 1 5lix 40t>/x hD-A©mii:cDT> K-:/I n 0 . 2 G 
a 0 . 8 N«t *}<C*#FJii> 10 0t>^'7 h o-a©J^3:cdt> K-y 
I n 0 .oiG a 0 .o9N«k*9«S»Sjii:*<S55:fw«[Ji$*iT^:(?x Wx-tfii® 
MIP4 4 0*>*'X hn-A©^fi»^#F«it (MQW) *Wt5o 

(pflij** 7^S3 1 6) 
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p t^i3 16 (i. ±{CJBefe$n$ p mitif* VMS 1 1 b 
'<> K*> vZf^*jU¥-ib<j:%lK Mg^lxiO 20 /cm 3 K-^Lfcp 
MA 1 o.sG a 0 .7N*^J>tli3 0 0t>/X h D-A£D|RBPTfiJtS$-arT 
Bfife-r^o C0pl++.^l316li0. 1 ^mJgiTOffllff^fiJt-r* 

(pfflSttf-T K«3 1 7) 

P#bfc#V KM 3 1 7li. K^> <y7 e ^^yU4 : '-^p#J^+ 
3 1 6£0 *>/h$l>. #J*.(*7> K-^GaN^O. 1 # mOffim-Cfifeg 

-< KS3 1 4 ±mt< G aNx I nGaNT'M^t5:i^S* 
(pfflS*5 -v KM 318) 

pffl*5 y KJS3 1 81*. 2 5t>/7 hD-A©H^f L 

^Mg^l x 1 0 20 /cm 3 F-fZtlizpMA 1 0 .i«Ga 0 . 84 N«kD4-5 

3 2 5ty^x t>o-A©i|JiE£WLT> K-7°G a N «k <9 

4©ii^if*<o. 6 Mmtnc-s ^oKmrnztitzmte^m* k> 

tlho :©p||^77 FI318fcAl 0spJ£*aJ5fc*< 8 %T'£> § ©T\ 

i)^©Ii:#( K-yLT> ivfc^S&se Y-zf^ft o tmm*&T£ 
■&zz£fr~e%z> 0 *pfly^7-y KS318 caters) ©m^s.z>* 

-<3o =>T&fttl*. nffl|jfe^KI3 14x SttI3 15x pffl^+y 
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fmZ 1 6. RCfpffl^t/f^ KJH3 1 7*^*>*A:ffi*x BH^nM??? 
F P#J£— k"-Aitt^ttC^©ii % SfcK 9 ^9y-KJi^& 

££ 0 #3g9J-Cli*"rnfl!j©*<5 y KMOJ^J?^J?< UTs A lTOlM 

bjA#>6 -So b^U ^Trtt'^m-hTOS^ FFP 

"C-^i/f-*— K tc £ ft J; A: J6l:: N c ©3 7SB#©JS£ kfJfSI 

U^StLTtes 2 0 0t>^hD-AHJ: x 1. 0//m£lTs 
S^i:a*l/<li5 0 0t>^|-D-A-0. 8#nu ft^S*L<(i 

0. i//m~o. 5 fjLm®mmzm&-?z> z. twms. 2oot>/ 

«fc So 

(pfljn MI3 1 9) 

P#J3 hjf 3 1 9(2. «ilfMg*<2 x 1 0 20 /cm 3 b*-7£titz 

P$j3>^? bJI3 1 9(i±2©pIG a NMi:fc^ plCIn.Aly 
Ga,-x-vN (O^X. O^Y. X + Y^l) TUfilitiC 
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>**h«318<i:. pM?5v K«3 1 7i^x-y^>/l^ El 9 tc 
^■T J: 9 tw4 #mCDX b 5-1' 7H£W3-<S U -y ^SP^JBfifc LT^5 0 U -y 
^^h^^/WtSl^ ^©'J -y v^X Mft$l¥3!&<*g 
«3 0 40^ffiCJSil^R5^nTt>«^tiLKO±^fc©fi£-r*o EI 9© 
«&J£g*HBfcU 7h7-f ^ttO««« 3 0 3 tp*«k RCTX Y^^^tk 

iJr^SICYX^MU RI ECtx 7 f 
U «y yaSOMHUw nflS'< * 7 7 I311 ©M£fffcti£lK BHi&li-fcn 
1^7 7rl3 1 1 ©^Sll^n^'tlT i tA 1 «kt»tt5n«i3 2 2£ 

tfcs p#J=f H3 19©'J-y v^SSCN iiAu«t545p 

H&3 2 0*<x hv'fT'ttliM^ U Bl 9 11^*9 (-P *e 3 2 0 

nii3 2 2 tomizmihi'tzmit^mwm commas i o 2 «t one* 

&&fl£ 3 2 3 ^JK^ U C 0&&ffig 3 2 3^btpli3 2 0 ttMW 
l=8M*Lfcp'<-y Kli3 2 1^Mt5o 

SMilUT7 0 //miLfci, X h 5 ^©mSKMiStt^lSJT*. 
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rusks i Oitr i o 2 J: <ote*mn&&'mm%:mj£-rz><k?^LT$> 

£Lh©cfc 9 KJBfifcfcftfclgiK&lffi 4 © tf^frfc^T. 
^ftS n flij ? 7 >y KJI 3 1 3 SO' p m v b'M 3 1 8 l2-£ft^'*U S 

/IM4ii££t£U U< (2 7 O^v^'x h d-aj^T. £ ZKftt U< 

(2 4 o^>^'x h u-^vATvmmomitm^mwmzmm-tzz. tizx 
oMfc-rzo mftwmj&t uti*. fijxjsa i xGa^xN co<x< d 

Mt. *©A 1 »G a,-xNg<i:*i^^^^fte(D^'fbW*^Si^«® 
Lfcjg&^i. fflx.lt A 1 „G a ,-xN/G a N N A 1 X G a,-,N/A I v 
Ga,.yN (0<Y<K Y<X) N Al x Ga,-,N/I n,Ga,. z N (0 

<z<d m<D3-7cmmt 3jbmB, %is<i*3 7tmmt2 7tmik£(Dm 

©12 A 1 xG a,. 1 NiGaNi^t,/j;5g|STO§o 

O (C^ltJ L//ct>© ; SrC' v 9 ^©dr-r^o 0)Jx.(2*2 5t>/X^o-A(DAl 
0.5G a o.sNis 2 5t>^'xhD-AOGaN«!:^2 0 0^7 (1. 0 
#m) ^/iL/ci@t&^©^. 1^T©MI¥5 0^>^X bn-A, A 1 
£#OJf ©A 1 mghitfrO. 5T'$>S;fcaiK -^©A 1 ^^tsMOM^it 0 . 
5K§|*it (2 5/5 0) £fitb£fI0. 2 5£ffltv ^©^^©A 1 
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G a N£ 2 0^->^*X ho-AitilW:i^ M/S^M^i^rr 
0. 5 (4 0/6 0) =0. 3 3i^f)OT\ A 1 sp^ffljjfc 3 3 . 3% 
it5o IP^A 1 *^ifgft«B¥*#Ji©A 1 SilJt£x *<Dmit®i*m 

lfAlo.iGao. 8 N2 0t^^7hD-A N A 1 ,. 2 Ga 0 . 8 N3 0t>^ 
Xfo-AOl^^ 0. 1 (2 0/5 0) +0. 2 (3 0/5 0) =0. 
16. fin*. 1 6%£A 1 W-m&tfZt-tZo K1s£l±(Dmi-tA 1 G a N/G 
aN N A 1 GaN/A 1 GaNCoi^U:^ AlGaN/InG 

©AlfWli, S IMS (— <^-r^->M«^^M) s 

5 -y KJI3 1 3^:i*Oii:$^0. 5 umSl±t U ^o^Onl^ 5 v K 

ii3 1 3Jc#*n^A i w-mm&sftm (%) -c^u^isi^ n<&i^.y 

b'M&ftCDmZ (#m) £Al¥iSlMc; (%) i©»*<4. 4 J£l± £ £ 

ck^fc^LT^^c i^-^i-r^o wi^^nis, ^iijs^su-ei*. 

{ci^o^-ptc^tij^n^w^ (%) T'^l/ca i (D¥-ma.f&*mttz 
m*\ 4. 4^±{cnc^«i;-5ic. Mfe=?m&ffij&-fz&m®mm£A i © 
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5 -y K/i3 1 3 £#©!?£ (/zm) iA 1 (%) £©»*<4. 4 

*^*>b"C*5 0 ct.*5$f^ bl^A l ¥*SnSfij£<t n$J^ 5 >y K/l 3 1 3©£ 
#IW<!:©«©M<*5. 0J£LL-C&*K $ ^JCS?* b< l$5. 4WL±iZ*& 

ttfc, *IPJ§T{in{|iJ©?5.y KJI3 1 3£i&te?-C^J&LT^3*:*i>. 

tni^7 -y k®3 1 3±&®mmcD±mte^ m^B&com 

RfrWCJix #J*-i3U HUlEn{RiJ^ ^ <y KJl©£{*©Jg$£0. 8^mi^ 
±£U BuIEnfiiJ*^ y KJf K^SftSA 1 sp^*SfiJc*5. 5%£X±t-f 
5o C©l|^©»li4. 4£t±T&£o b< linffl^5 -y KS©±# 
©JSS* 1. 0 //m^±i: U ^OnftiJ^ ^ > y KIC^ttlSA 1 

b<fcU n$J^5 <y KS©£ft:©J*3£l. 2 # m£l± £ U *© n flij ? 
77 Kl(:tlti5Al?K|||^4. 5%M±tir2> 0 C ©i#£r©;»{i 
5. 4a±t^5o J^±Ot^BJ(in{|iJi7 5 -y KJB3 1 3©Kff<b^ iSte^ 

«kt)<ESnfli^7y km© a i ¥-Qmf&<DMek£&m&ftiz7ik-rt>(D-c$> 

Z>o A 1 ,Ga,.,NliA 1 jSfiJfc£*# < -TSKSfct^ ✓ -y T/i 

SSWKtiA 1 ZliiJtX fflJ^LtfO. 5£(±©A 1 „G a ,. x Ni 
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J: ^©-r£>£*^ A 1 xG ai-xN(iJ5<Ji£S$#iC< t,^ 
«T^(CA 1 »iUb&<0.. 5£(±©A 1 xG a , -»N^S 9 if S 
0>J*J* 0. 1 //mJ£l±-e^S*ir^-5 'y^A-jtl^o $E,T, 
0. 5£Lt©A 1 xG a i-xNI^ l£— JIT#J;Ltf&,um©jlJ5Tf&S £ 

it«^ #HRJ£*<A 1 xG ai.xN©eg^R||?liJP^T<h^*©-Cs * 
li^iTfcllltiS-cni^^^ *^H^©J:9(l^©A 1 Si 

* So (I U p ffiij ^ 7 y KI3 18*nffl^7y KJf 3 1 3 t m%£<Offil& 

*<3*U\, pflH*5-y KJB© A 1 ¥J§S&fiJc£*# < -T**n n 

(iMff^ff< -TS «t % A 1 GaNS©!£fitffl*<^*<^:*<!S|Sjlc* 
»K A 1 G aN©ffitjtH*<*# < t£Zt^ Ht^K < S<ifS](C^ £ 
T&£ 0 *•©*:#>. pmt^v KI^A 1 ^^t^^i<*i^tt;8 
fe?tMU KJ!E<fcA 1 ¥i£!flfifc<k©tt£4. 4J^±<bUTt. •£-©)¥ 

EU:©Kff:*<*Sc: £*<a* U<^o Stt^ i LtziM&bA 1 ©sp^ffliSi 
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#36113 ©n*W* 5 y K«3 1 3 tffi&HDmtfLt-rz&mtttt^itfi* PlD<t 
m£(T<i:UT N fro*©PfliJ* 5 v KJIt::^ A 1 ¥^ifeRj££"&#^ 

Sftfca£i*4*»^ ni?7y KJiiHtK^ 0»J;tl*A hGa, 
-xN (0<X< 1) Sirs *©A 1 ,G a i-.NIil^^^iOljt 
•*iftIi*lIl/fcaft?4U A 1 ,Gai-xN/GaN> A 1 X G 
a.-xN/AlvGa.-vN (0<Y<1. Y<X) „ Al»Ga,-,N/I 
n,Ga,- z N (0<Z<1) «© 3 5c«ii<>: 3 7c8S, ^L<«35cSS 
£2 5cMII£©a^&fc#T-jSte^ <t U ^©*T'*>S*>$? * L< I2A 1 

mmm i ] 

t7 7 ^7 (c®) .texcsxsi o*sj«;s«rtmry h u 
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m^x, urn* 5 1 ott-cTi^ * + vt^xic?^^. jgrn^xt-T 

>^7" (NH S ) iTMG ( h Uyf-Zl/tfU A) g& 1 0 

±i:GaN«k*)/i5^10A*. y 77il l£jj$200*V^XHn-A© 

><* 7 r*l lJifcBSU TMG0^jhi6T^ 1 0 5 0 0 C£ "C±# 

$t§ 0 10 5 O'CH^ofc^. ^b<i^7i:TMG N T^^-Tif 

4 + 'JTSSl x 1 0 ,8 /cb 8 OT> K-^GaNJ:|3ttS» 
2CA' 7 7 7 il 12^5 ,um©j@£jf Tj&5£-£<So 

tt^Tx 1 0 5 0°CTTMGs T>^-T. ^^tf'XiC (S 
iH 4 ) tfflK Si^lxl O'VcDiH-T'bfcnlGaN.t^iSn 
#Jn>^^ M12%1 /im0^lTSiJS$*5o 

J*C> 2SK£8 0 0°Ctr LT> HifttfXHTMG^ TM I ( h V * ^JV 
„ 7^-7, ^««B/fXJC*>-5>/f^*ffll^ S i^5x 
1 0 18 /cni 3 Y--?\stz I no.iGao. 9 N<t!)/A5^77^ EfrlLJf 1 3 £r 
5 0 0^>^'X h o-AOffllllTfijcS^-a-So 

*UT&£££1 0 5 0°C{rLT N TMA N TMG, T>*r-Ts •> 5 > 
#X&m^> S i £5 x 1 0 18 /cm 3 F-7°L/:nIA 1 0 . 2 G a 0 . $N «k «9 

A®iras$t5c :ojiM*n^ni o oi§i»*?jgu 

EmmO. 4 jum©jet&3 : JI«fc*>ttSnffij*5 y KS 1 4 5 0 

tt^T. 1 0 5 0°CTS i £5 x 1 0 18 /cm 3 K-^bfcnIG a Net 

TMG. TMK T^^T. ->-5 >£flH>TigttJI 1 6 *J5fcg 
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^S. gttil 6(iiSK*8 0 0°C(::GM#UT. S i *8 x 1 0 18 
/cm 8 T' K-7°L^ I n 02 G a 0 . 8 N «fc 0 £#pJI* 2 5^">^X ha 

m-C. Si^8xl O'Vcm 3 Y-zfVtz I n,.oiGa,.,,NJ:»)ttS»I 
Jf *5 O^^X h o-A©jgI?-ej£g$-£5 0 C©&fE*2[sli&£*9igU 

it (MQW) 0gteI16^I$#§ o 

&&*1 0 5 0°Cic±l:f\ I^xi:TMG, TMA^ T>^-- 
T> WA'Xi:Cp 2 Mg (->^ n^>^ v^jLjiyU^^i/^A) *ffl 
^ SttJIJ; *9 K4* + v ^^wl/^-rf^t < „ Mg^l x 1 0 20 

/cm 3 hWlfcpIA 1 o.sG a ,.,NJ; *)/«£5 pfflj* + 7^1 1 7*3 

ttlr^T> 1 0 5 0°CT\ K^* «y yi^yl/^-^pfliJ^ + 1 
7«fc*)&'h$^> Mg$l x 1 O 20 /cm 3 K-rUcpSGaNck^iS v 
pflBfctfi' KS1 8*0. 1 //ra(Dlfffi)cfi^5o 

^^ts TMA, TMG, T>^E--T. Cp 2 Mg^ffll\ 1 0 5 0°C 
T*Mg*l x 1 0 20 /cm 3 Y—~?L,tz pIA lo. 2 Ga,.,NJ:»)ttS»10 

Mg*l x 1 0 20 /cm 3 K-^bfcpIG aNJ; ?9 2 ©JI* 2 0:*> 

Smic, 1 0 5 0°CT\ pi^7 7KI19®±i:, Mg*2xl0 20 
/cm 3 K-rifcpIG aN«k*)/.£6p{BiJ=r>^ hJ120*150;*-> 
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Ebglb*:*B#i*pSg5, 3 0 6,6 6 2^{cr^$*i. *nMm<DT--V 

>yK-D^xt>*m&nn5. 3 0 6.6 6 2mzmyr^ntz^m^m^^x 

fide, 

R I E£IEK«fc0ft±/l©pfl!|:3>*? hJ12 0i>. p#J^5-y Fill 9 

'J'^I^LTSMia^ nf«a>^^ bM 1 2©SS£^tb£-t!- 

<^{Cp{|ij3>^^ h/12 0OX <y v'S^S^Itli'^BiiN i 

t A u ct t£ 6 p *@ 2 lZmtfCfZo —Jd. TitAl ck«9^Sn*^ 
2 3£x t>7'f7 , ttOn|Ja ? h« 3 ©!ilf±Ii:Mt5 0 

ni2{r^-rj:9(cpm^2 1 nw.&2 3 tvmizmtiHstzm 
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&K:fc^T. Bfdm^^S2. 9 k A/cm\ B8fimEE4. 4Vt\ %M 
S4 0 5 nm©3^fgS*<BtlS£ft, 5 0 B^F^J^±o^^^ 
(ifc»J 1 ) 

— I20/< 7 7 rSl 1 2£/£g$-t*-r\ $ ^iCnfliJny*^ h« 
12^Si^lxl 0 ,9 /cm 3 K-^U;niGaNf-T'5^mfi!cS$^ 
nflij^ >y K114*Si*lxl 0 19 /cm 3 K— 7° Ufc nMA 1 0 . 2 G a 
o.sN#-tO. 4 ^mfiSI^# N p{|ij^5 >y KM1 9^Mg^l x 1 0 20 
/en 3 F-ybfcpIA 1 0.2G ao.>Ni-tO. 4/im^$ts ££K 
pfflij^v^^ h/f 2 0£Mg£2 x 1 0 20 /cm 3 ©pIG a 

n£o. 2 ^mfijcs$-i±^ftfe{*^»ji tmmizLx u-vm^zmzo 
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a i 



mm. 


lO- 


•-D-7 


rl'T 






ll- 


••G a N 


200A 




12- 


♦•S i 


K-^niG a N 








S i 


: lxlO 1 Vcm 3 




? 5 >y ? E5jLJ1 


13- 


••S i 


K— 7°nMI nO IGaO 9N 


500A 






S i 


: 5xlO l Vcm 3 




n £ 5 ? K® 


14» 


••S i 


K-^nIA 1 0.2G a 0. 8N 


0. 5#ni 






S i 


: 5xl0 18 /cm 3 




nfttf-T KM 


15- 


••S i 


K-^nlGaN 


0. 1/tm 






S i 


: 5xl0 18 /cm 3 




(MQW) 


16- 


••S i 


K-r I n0.2G a0.8N 


25a 


(fS&J£175A) 




S i 


K-y I nO.OlG aO. 95N 


50A 






S i 


: 8xl0 18 /cm 3 






17- 


••Mg F-rpIA 1 0. 1G aO. 9N 


300A 






Mg 


: lxi0 2 Vcm 3 




pfttf-T KM 


18- 


••Mg K-ypIG a N 


0. 1/im 






Mg 


: lxl0 20 /cm 3 




P ? -5 v KJI 


19- 


••Mg K-^pSA 1 0. 2G a0.8N 


0. 5//m 






Mg 


: lxl0 2 Vcm 3 






20- 


••Mg K-7*pIGaN 


0. 2</m 






Mg 


: 2xl0 2o /cm 3 
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-ca^^^ste^n^^ rdmmsEiss. ovj£Lk£>*K Mt^nt 

[#Ufe0J2] 

IWJlCfc^T, n$]3>*? bill 2£. S i £ 2 x 1 0 1 Vein 3 K 
-y^niA 1 0 .05Ga,., s NJ:5tt5»l©I*3 0*>/Xhn- 
AO^TfiScS^^ tt^Tx 7>K-y©GaNiDtt5»2©S*3 

^mOiett^ttJii^So *ft£l*©*ifttd:!fe»flll tlTO©***** 
5U-ff?iL/fct:^ MffimftE&£2. 7kA/cm\ mmW.S.4. 

^2©MS i^lxl 0 18 /cm 3 K-^UfcG a N HMJ 

mmm 4i 

mmmi »2©'<y 7 rll 1 2£. Si*lxl 0 ,7 /cm 3 

*ft51/-ft?^S!iy:<!::5, MIltfiI2. 9kA/cm\ 
SHI«EE4. 5 VH±#uyt^ ^{*5 Ol^lBIfil±^U^o 
[H»J5] 

H»JUrfctNTs n{|ij3>^^ Ml 2£n S i <£• 2 x 1 0 1 9 /cm 3 K 
-^LfcnlA 1 ,. 2 Ga 0 .8N«k0^5Il©I*6 0t>^hD-A 
©KBE-CJS£$-t!\ S i^lxl 0 I9 /cm 3 K-T'LfcGaN.kO 
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*S i *1 x 1 O'Vcm 8 K-yUnIA 1 ( . 2 Ga o.iNf-TO. 4 /z 
HMtfE&ft 3 . 2 k A/cm 2 . HI1E4. 8VT^ * 

mmmei 

MMMGIZ. mmmi tit^LX, MT® (1) > (2) *W<C^flfe{*> 

(1) a' 7 7 7 I1 lJ&5&> TMGO^±J6T. Sg&l 0 5 0°C^ 
-e_h#£-£3 0 1 0 5 0°Cim£^^: H^^XCTMA, TMG, T> 
^e-T. •>7>^fflt^s Si^lxlO l9 /cDi 3 F-yLfcnIAlo. 2 G 

I^T> TMA*jL#>7 > K— 7°OG aNJ:*)/j:§^2©i^:4 0 

ho-ACDiglST'J&gS-tb&o ^utsb i;i+a!?2Ji+fgi JH- 
(2) <^{I. HlfeflJl ^IWMtKLT. S i *5 x 1 0 18 /cm 3 K-^U/c 
In.^Gat.sNi^^^-y^ B5±JI 1 3*5 0 Ot>/7 hn-/, 

1 0 5 0°CK UT, TMA, TMG> 7 T> 
V*fflC\ S i *5 x 1 0 18 /cm 3 F-^l/cnlA lo. 2 Gao. 8 NctO^ 
Sn«*5 * K*l 4*0. 5 ^mOUff-C^S^-ti-So 
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hSl 2. Rtfpflfl?^ >y K«l 9^j@*S^<h U p<»J:=r>*? hJi 
4. 8Vt, 4 0 5nmOaittHI!gj&<1it@lj**u £*t>3 OI*M£i±** 

*H5i:^-ro -ftlipfli]^ h/I^\ £^£JHICA (lOt^^x 

h p-A£(T) . B (10t>nhn-A) N C 
A) „ D (1 5 0*>^X ho-A N *Hi6fll) . E (5 0 0^>/xh 
o-A) x F (0. 2 vm) . G (0. 5//ra) „ H (0. 8#m) ©i§ 

££o p#J=J>^^ bJI2 0®JI£»li5 0 0^->^*x hP-A^T. 
tcj?£ U< (13 0 0*>:T* hn-^Tt'*^Ci^lS U\, ttfcl 

a$©p$J?5 *y KH 1 9©3RB3&<»ttl < p«SO=J 9 Y 

(JfcKfll 2 ) 

Sl©^fiScOU-if^^(Cfc^T. nflij? 5 -y KM1 4*S i £ 1 x 1 
O'Vcm 3 K-ybfcnIA 1 02 G a 0 . 8 N«fc 0 1 OJB* 1 8 0 * > 
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mmt-tZo 03= q mi com tn 2 v>m<Dmm*m< Ltzmm-vrnwiLx 

£fl&0J6 JCfcC^Tx piB^7v KE1 9£Mg£l x l 0 20 /cm 3 K-^ 
L^A 1 0 . 2 G a 0 .sN N 6 0*>?*X h n-AJ; 0^-5^1 ©J§£> Mg 
£1x1 0 20 /cm 3 K-^l/fcpIGaN, 40t>^ h o-A «fc t) 

^»J7JC4o^Tx £ ^KnfliJ?^ > y KJI1 4£S i^lxl 0 ,9 /cm 3 
K-^bfcnlA lo. 2 Ga 0 .,N, 60t>^Xho-AJ;^j:5ilO 
Jl<fc> S i £1 x 1 0 19 /cm 3 MbfcnfiG aN, 4 0ty/Xha- 

h« 1 2. pfl!l*5 >y KJf 1 9i:jiDil-Cnfl^7 KM^jS^i L 
CHWJ 9 ] 

^JfetfiJl Cfc^T. *2 0/<y7rll 1 2£)&S£-t!"rf;: N ^1 ic^ 
■T«k9£x llOA'-y7ril l©±i:, fig n OTJ a > * ? hJIl 2d:L 
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TSi^lxl 0 19 /cm 3 V-^Ltz nWIG a NI^ 5 u mtfL^lkZo * 

<om\u nnwi tm&omxk&Girz u-if &o -?t*>s mi 

©g^JtitlCtet^T. nl^y KI14<&20t>^XhD-AOS i 
(1 x 1 0 19 /cm 3 ) K-ynfA 1 0 .aG a 0 .gNJ: 0<£*»1 ©Bt. 2 
O^y^X ho-A©7> F-^GaNJ;?)/^g2©Ii^lllT/«i: 
*l$ffllffO. 4 tLm<Dmfe=?m3kt-?Z>o $£Kpffl!*5y KJil 9*2 
0^>^Xhn-A©Mg (lxl 0 20 /cm 3 ) F-^pIA 1 „. 2 G a 0 . 8 
N<fc coMt, 20t>^hn-A®Mg ( 1 x 1 0 20 /cm 3 ) 

K-^pS!GaNJ;»)'a:5IR2®ii<!:*ajiUT/«£SI8!KW:0. 4jamO 
®«HPaii&£-r*o S£>lw£fcpfll!j:3>** hiS 2 0*H»Jl©<t9«w 
15 0t>^'XhD-A©Mg (2 x 1 0 20 /cm 3 ) K-^pIG aNil 
fci:^ MMXftft3. 3kA/cm 2 T\ 4 0 5 n m<Dgtt!B£d<flMB 

mmmi o] 

H«E^J9{Cfc^Ts nMf^v KS 1 4 ©fite^fcfifc-f **2 ©S£* 
S i *1 x 1 0 17 /cm 3 K-7 , bfcGaNi:t§teli > ff»l 9 ilnJJl© U 

mmm 9 £ tas^©^*^ 
mnm 1 1 ] 

^»j9nfcCNT, nMt? v rmi 4&mtfL-?zm2<Dm*> si* 

1 x 1 O'Vcm 3 K-rbfcnII no.oiG a 0 • « 9 N ftzmtmrnz LT 
U-lf^^f^ai-rSo <9 nffiij^5 -y K/f 1 4©fflte : ?*«Jijc-f SS& 
2©Ji©*.flj££ InGaNiU ^ 1 ©S<tm2 ©S<t©^««B»K*lRl 
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mmmi 2] 

fHJfe0J9i:::fc^T. nfflij^^-y KI14Wt5^1®I (S i : 1 
x 1 O'Vcm 3 K-^A 1 o.iGao.sN) ®J1J?£6 0*>?'7> Fo-Ai 
Us m2 0m*S i^lxl 0 I9 /cm 3 b*-7Ltz4 0*>?X h o-AO 
GaNtU ^110. 5 ^mOjS*S^igi:-r^o S&i:pffl^7y K 
HI 9^Mt5f 1©1 (Mg : 1 x 1 0 20 /cm 3 K-^A 1 0 2 G a 0 .s 
N) ommZG 0*>?X FD-AiU I.2 0I (Mg : 1 x 1 o 20 / 
cm 3 K-7" : G a N) ©lgff£4 0*>?*7. hn-AiU It^O. 5 

9 i<Dmtt£2 <z>mt(omB*mtisitz>mu mmm 9 <t 

4 0 5 nm®«agS3g*<S8ig$*u liigmEli5. 2V N #*jrt>2 0Btra 
C^«J1 3 3 

HWllCfcl^ nffl^7-y K114*Mt5f 201 (GaN) 

os i x i o 11 /cm* t-t zmt&mmi i <fc^tn©*ii*w-r* 

CH»J 1 4 ] 

HMsm li:*^T N nmtv v YM1 4&ffiJ&-tZ>m2om (GaN) 
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mmmi 51 

nt&m9 Cfc^T^ nM?? v FI14^S i^lxl O'Vcm 3 K — 7" 
LtniA 1 0 . 2 G a 0 . 8 N#— T'O. 4 # mj&fi S-tir5flfeJ4PI«tC UT U 

—fm^&ftm-tZo ai©s*«atic*?^Tx pdo^^-y kji 

1 9©**HJfi0J10«i:9fcMg£l x l 0 20 /cm 3 K-^lfepIA 1 0 
. 2 Gao. 8 NJ:!3<i:5tlOl, 20t>^Xha-Ai, Mg£lxl 
O'Vcrn 3 K-yU;piGaN,i;^^I20l2Oty^7 ha-Ai 

2 0 ^r^Jfe^tJ 1 cd «t 1 5 0* ho-AOMg (2 x 1 0 20 /cm 3 ) 
F-T'pIG aNi Ufc<i:C5. IrI l>< ^OT»*t^ 3 . 4kA/cm 2 T\ 
4 0 5 nm©ig^f§^«i!SS*U HjUMlEte 5 . IV, mftte2 0mffl 

[#I«IJ16] 

ilOl (A 1 0.2G a o. 8 N) ^60t>nFn-AtU f 2©1 (G 
aN) ^40ty^ho-AibTtlU ^150. 5 // m t ~t Z> fte 

^*fe#J9 C&t^T, piftij^^ y KJHl 9^Mg^l x l 0 20 /cm 3 
L^^PiA 1 0.2G a 0 . 8 N#— TO. 4 ^m^£S$-ti--5ffe(i|l|^|(i LtU 

1 4©<^<&IIJfe^Jl©«i;-9{CS i^lxi 0 19 /cm 3 K-7LfcnIA 1 0 
.2Gao.8NJ:D4*^10i N 2 0 * h o - A 7>K-y© 

G aNi <3tt3J?l2©J!2 0*>^x h n - A %>mmW- 0 . 4 # 
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150t>^'7FD-A©Mg (2xi 0 20 /cm 3 ) K-^pSGaNib 
fzt^h, mb<fflmnffi&m3. 5kA/cm 2 -<\ 4 0 5nmOitM 

CHWJ18] 

miom (A 1 0.2G a 0 . 8 N) $70t>nho-AiU m2©JI£ 
S i £1 x 1 0 19 /cid 3 I n,.„G , a,.,,N, 

-AiLTfflUIU MIO. 4 9 //m£-r3fi&l*i^fe0ijl 7 tmffiOU 

miom (A 1 0 . 2 G a 0 . 8 N) ^60^>nhn-AiU 1 2®i (T 

mt-rsffe^n^fij i 6 tnm<oi<— *fm^mtztz.b, mmmi nz 

H«J9C:fc<^T. $ £{Cnflibfc#W Kill 5£T> K-^CDG a N«t 
<9&3Jgl<Djf . 20t>/7FD-Ai % 7 > K— 7°© I n o • i G a o . 9 
N<fcO#£SH2<D/l N 2 0 t^iIlT^5^1I8 0 0*>*'X h n- 

GaNifJ/^ilOl, 2 0t>^*xhD-Ai, t> K-^C In,. 
iG a 0 . 9 N<fc 0^«5^2 ©« % 20t>^x h D-Ai^fl LTte -SiS® 
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mm8 0 Otv/^ hv-J*®m%=3rm&tirZo o£<3> il®S*i 
^Hfc^T. nMtyy KS 1 4. nflbte//W Kill 5. pfflJ#:tf>r KS 
1 8s S.O*pi|iJ^7 >y KS1 9 t^riStt^liiSi Us $ £»C£fcpfl>J:3 > 
bM2 0*HJ6WlO<k9lil 50t>^ ho-A©Mg (2xl 

0 20 /cm 3 ) K-T'pIGaNiLfci;^ B€ flim«E25££ 2 . 9 k A/cm 2 
-C. 4 0 5 nm®iitt3S3g*<ttB$nN ^MEEte 4 . 4V, f^fe6 0 

[HWJ 2 1 ] 

?X h v - l><Dmm-ej$.M:Z'£, K^-CS i^lxl 0 ,9 /cm 3 b*-7°lstz 
n!GaNJ:i)4-53>^ bM* 5 a m©ffll»TJdc£ £-tK I n 0 . 
4Ga 0 .eN«k»)ttSIB3 0*^*x h o-acd#— «^F#F«a«k Oft 
£«&JI4£ii££$-eSo 
(pfliJi&te^Ji) 

&f's HJ60J1 tmmzLX^ Mg^lxl 0 20 /cni 3 K-^UpiA 

1 0.2G a 0 .«NJ:9«53&l©S£2 0*>?*X hn-A©IftM$ 
■fcK a^TMg^lx 1 0 19 /cm 3 K-rUfcpIG a N «fc <9 61*1 2 ©S 

<0tZZ>pM?7 v K«5£fifc£$-frSo CCDpffitJ?-^ KS4©I&IS*># 

lcH3£Utt^*< N 1 0 0t>7x hn-A£LL. 2jum£lTs 

U< {±5 0 0*>^*x ho-A£Lk % 1 MmEiTTBJcS^^SCi^M* 

&»wC:©p<l!l* 7 -y KI5®±i;Mg^l x l 0 20 /cm 3 K-^bfcpS 
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200t>^x h n — AON i -Au«t^,i:5S7feft©pIi7^MU 

nm?>?? tmommiz&T i - a 1 &t)tiz>nw&§*Mj&-?z>o 

lit LT L ED^?i UfciC^N I f 2 0mAi:fc^T5 2 0 nmOife 
ISft^U Vf Ii3. 2VT*>o^o CftKftU pfflij^^-y K«5£ 
*-©Mg K-7*A 1 o.2Ga 0 . 8 NT«U:LED^?(DV f \*3. 4 

CHWJ2 2] 

n«j2 1 k^t. pmt^v b*m5%nj&-f%Mfe?m%:, mi© 

S©MH^5 Ot^/Xhn-AiU ^2®l^Mg^l x 1 0 20 /cm 3 
K— 7° L/cG a N N 5 0t>7x ho-AiUt, ^il^ti 2 5 /Mil U 

nmo. 2 5 umoMfe^ t-t zmmmiz ITLED^MI/: 

mmm2 3] 

JliUT. ^H«0. 2 5 timOMte^t-fZfaimm^LXLEDm 1 ? 
Zft&LLtztZZ^ Vf Ii3. 4 VT'*)o/c^ s &Wmm*Vt$k(D*>(D& 

mmm 2 a ] 
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nm&l2 l\zts^X* nflj3y*?>«3£j£:S£-fc*-'5igU S i * 2 x 
1 0 19 /cm 3 F-ybfcnIA 1 o . 2 G a 0 . 8 N<k *) £SS 1 ©JI£ 6 0 * > 

-A©jg£jrrj£S£i±> ^tl^ftimicom^5 0 0«> !f!2©/I£5 0 0 

«»CLTLED*?*f^t!LfctC^ Hl/< I f 2 OmACfe^T, V 
f te3. lVfcffiTU #mWfflifi£*{cJt^Jt^bT2. 5f££LhKja] 

[H»IJ2 5] 

l0.2Gao.sN) Oli^eOtv/xhD-AiU f 2®l©If^ 
3 ^mi-r-SflbJSIl^Ofllig^wrSLED^^^L^iC^, V f 

mmm 2 6 ] 

g|2 ti^SiC^I^ SSI 0(CG a Net f)«5SIl 0 l^ffl^T^ 
ZtZht^ m2(Z>'<v7 7-m 1 1 2*fi£5$-ti~riC ni»^ K— 
yLfc^3©^77 7 Il 1 3 * JSfcg S -£T t, -5 „ d©EI6 

^ft7 7 f7SS±i:MOVPES> fKliHVPE^ffl^T, 
S i ^5 x 1 0 ,8 /cm 3 K-yUGaNI*f$ 3 0 0 /zm-CJ&BS-bb*: 
t7 7 'f7SjS?-i4lTg$ 3 0 0 /imOS i K-^GaNSfil 
Ol^fPSSIfSo GaNSSlOllJ, C CD J: 9 lwS*t^£**<*<i:iStt<5 
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S«-©±IC N mz-tf 1 0 0 um£l±<Dmm-ei£M:mttz'&, -eoiiSjg 
Zm&i'ZZ.tlz&iTWbtlZo G a 1 0 1 lirvK-T't^S 

^S^KIiilStl x 1 0 17 /cm 3 ~l x 1 0 ,e /cm 3 O|gfflT^^^ K- 

GaNlSl 0 lfESilSU 0 5 0°CfCLT. Si^3xl0 18 

/cm 3 K-yifcnlG aNck?3«5^3©^'y 7 7 il 1 3 £ 3 ^m©Jg 
ff-CfifcgS-ti-*,, <C*J»3©/<y 7 711 1 3 1*0 1 % 02i:*5^tn|J 

GaNSil 0 1 tm3<D'<y7 r Ml 1 3 t&tiRlz^ HJfefll 1 

ra30^77rll 1 3©±J-> HWJl tl^tiKS i^5xl0 
18 /cm 3 K— 7* Ufc I no.iGao.BNiOftS^T-^Kiill 3 £5 0 0 

Si^5xi 0 I8 /cm 3 K-7 B L/cnMA 1 0 . 2 G a , . 8 N<k 0 AC -5 
S£1®JI> 2 0*>7'X h o--A<b N S i^5xl0 1 Vcm 3 K-7 , LfcG 
aNJ:«9teSJg2©/I20^V7'xhD-A<i;£10 OUKZKflUi Ufcx 
*«¥0. 4 umomfe^m*. «5tt£nffi!j*5 -y KM 1 4£j&S£-fc!:£o 
Kizmmmi tmmtZ^ S i*5xl 0 18 /cm 3 K-yifcnlG a 

KK\ T> K-7*I no. 2 Ga 0 . 8 N<tf)/j:5#pI, 2 5*>^'X hn 
T> K— 7*G aNi^A^ Ptiili 5 0*>?*X Fo-Ai^ 
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X h n-ACD^MS^#P^ig (MQW) 1 6 *$L& £#£o 

<^iwx ^WJl £|HUtC> Mg^l x 1 0 20 /cm 3 K-^bfcpiA 1 0 
.aGao-TNiO^Spi+tyyil 7£300*->^X ha-AOl 

ft#VKJ118£0. 1 ^mOljiJPT^S$-a-<5 0 
<^(C^»J1 i|5j^{C UT. Mg^l x 1 0 20 /cm 3 F-^bf:pIA 1 

0 2o/ cm 3 K-^U:plGaN«h^,i:5f 201, 20^>/X hn-A 
.fc&ttSx K&mmO. 4 # mOi^l iO^^pi^^'y h'M 1 9 <£B 
J&U pfiij^5 v KS1 9®±i:, x 1 0 2< 7cm 3 K— :/ 

b/;piGaNJ:^j:§pij3>^^ M2 0^15 0t>^hn-A 

KJGi&T^ 7 0 0°C-CT--U y^'LTt^. 1 d:l5|^(r N RI 

E^Bt'ct 9«±JlCDp{|iJ=i ^ M2 0 pM?? v b'M 1 9 

#Uw, HifetfiJl i|5lb< p{HJn>^^ bJf 2 0©X F7^'J'; v'flfcS 
®0(5ta'£®KN i £Aucfct>tt£pll®2 1£?Bj&U GaNMl 0 

1216 <£9Kp«S2 loli^i< N pfflj^^y KJB19 
®S i 0 2 ck^i:£|&*iJBt2 5£^j&U ©IgiiUgi 2 5 LT. pi 

mSTBj&SU Pli2 1 IzmW-teJlft-CG a N1S 10 1 *:'<-&\zm 
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>*rc»«U p'<«y K1^2 2^7^t-tC>f^/lt, MTU 

— tfi^s^M^^cb^a. gfii:fc^t> mmmmmm2. 5kA/cm 2 N 

SHtmE4. OVTx ^ISS4 0 5nm©Ii»%l$n. 500 
B*Pfe©i£;*< 0 *<4>*£ < fz z t K J: -5 o 

xmm-t Z>o H 4 liEl 3 © jft^©^*^^- *HfiBlT* So 
[HWJ2 7] 

-V-It^T (CS) d; 13 « 5Ifi©±i: G a N J: 0 5 a' y 7 7 I^/l" 
ltGaNi!3<£5^^5 0 ^m©K»Tj£&$-tffcG a NSig 1 0 
P*flHM-* 0 :®GaNSIl 0 0 *R*6S8rtir-b ? h U 1 

0 5 0°ctT±(fs * + y t^ok^s mms^zry^-T tTUG 

( h U y *JUifV 7A) „ ^IfcmtfXt lt->7 >#'X£flH^ GaNI 
1S10 0±i:S i^lxl 0 18 /cm 3 K-yb/cG aNi*UtE«nW'<7 7 r 
Ml 1 £4 jumOffllff-ejifcfiS-frSo :0/<7 7 7 ilis i3©i7«fii 

UTt>fPffl-r5o ^^>{r N C©nl^'y7 7 Iligia-Cfii4S$-a-5/<>y7 7 

«T-*><9. r-r Sic, xt'^;i'0«):7i:iih^3|{*{* 

<hSft5t**4J:f)tt<5t£ffi©±j:u 9 0 0°CJgTF ©<£&{;: fcl^T, G a N. 
A 1 N^, 0. 5 tim&.T<omm-VW.mi£g:Zl£Z'<v 7 rMtit&m 

( n ffl? 3 y KJI 1 4 =jS*&^B) 

ffi^T^ 10 5 OtTTMA (MM ?-jl<TJ\/i—VJ*) „ TMG, T 
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y*-T^ is^^ifx&m^ Si^lxl0 19 /cm 3 K-7U:nS!A 
1 o.2Gao. 8 N«k^<i:5^10l^4 0t>^ h o- A©MJ5-Cfi£S$ 
-tK i^C>T'>5 TMA£jL#u T > K-^OG a N J: <9 t&2>W>2 

©I^4 0t>^ hn-AOB&ff-CfifcgS-tirSo * LTfg 1 JI + lfl2/I 

+nui+m2;i+ ♦ • • t\,^o±i\zmi&^m*nj&\s^ -^n^nio 

(n«#*f-f KJB1 5) 

1 0 5 0°CTT>K-7°GaNck<9ni:^n 

it, gftlOi^'f K®£ UTflUB U G a N N I 

:i^i^K, I^100t>^xhD-A~5jum, ££t::$?3:b< 

1*2 0 0*>?*X hn-A~l ^m©RH[-CJ5feS$-a:*C IA\> 

OA 1 0 . 2 G a 0 . 8 N«fc<9 t>'h$ <-T^o 
(SttJIl 6) 

IBfcMfXKTMG^ TMI, 7>€z7^ffl^tgiI16^ 
g£-££o j£f£Ji 1 6 IS&ffi£8 0 OViZ&WLX^ T> K — 7° I n 0 . 2 

^iitm i ©^wt^sfbs-ti-ao^Tig— mart\ t> k--t° i n 0 .<n 

G a 0.95 Nek *)^5^il^5 0*>?*x h n - AOJgJSTJSS £-£<5o 
h a-A©^ma^#F^ii (MQW) CDSte/i^fiJcS^-li-^o Sffeflli 
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(p«Mr+ 7 7*11 7) 

<^Jw, &&*1 0 5 0°Cir±{:f\ TMGs TMAx T>^--T. Cp 2 
Mg C'>^D^>^i?xi;l/- 7 ^>'->A) *ffllN pfflUfttf-f Kill 8 
Jt *> y yx^;l/^-^$l\ Mg^l x 1 0 2 7cid 3 h'-y 

b/:pIAl p.jGa,. 7 NJ;!)4^pi^+ v7Ml 9*300*>rx 
ho-A©jg|jp-cj&5£-££ 0 ;opi+t ^11 Umizft^tz^o 
ic> 0. 1 tfmJ£(TO«<ff«-e^fijtU ffi»©TKti4$KKSELfc<i**<x 

(p«#V KS1 8) 

i^TCp 2 Mg, TMA^-±J6 N 1 0 50°CT\ y 
/U4*-*<pffl*+ -y^/ll 7 ct <9 *>/Jn$^ n T> h'-^G a Ni^iSp 
Mfttff KJil 8*0. 1 /zmOlI^I^^So C©jiJ4 N Stt/i© 
ftrtV Kiibtftffl U nMft#V KI15iiD<GaN, I n G a 

tifejf ©#FiIJ;<9;*:£ < . p#J?5 >y KH© A 1 0 . 2 G a 0 . 8 NJ;«9 &/J\£ 
(pffl9*5 y KS1 9) 

tt^Tx 1 0 5 0°CTMg*l x 1 0 20 /cm s K-^b/ipIA 1 0 . 2 G 
a o.sNJ; 9tt*J&3©Ji*4 0^>^'X h a-A©|RJSTJ5fcg£i*\ fit 
^TTMA©**±«k T> K-7G a N«k »? ttS #4 ©»* 4 0*>** 
* hn-A©jg|J5T-jjjcg£-t>-£o LT d ©IgfP^tl^ni 0 OMWl 1 ) 
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asu %tmmo. 8 nmomfe^mxiotizpmt ? ? ks 1 9 ^sfc-r 

So 

(Pffl'j3>^? hjf 2 0) 

S^(r N 1 0 5 0*€T, pI^7FI190±I^ Mg^2xl0 211 
/cm 3 K-^Lfc'pIG aNJ:0^*pffl=>^^ hI20^150>f>/ 
X h a-AO^Tfilcg^-lir'Bo pfl'J^ ? h«20 lipM© I n x A 

IyGelx-yN (o^x. o^y. x + y^d -pitiatsctms 

fiF* K liMg^ K-yi/cG a Ni-Ttit^ plI2 1 

S v P&j&tmbtlZo ttzpSLA 1 yG a i-vN^^tfetS^flia® 
Pi^7 7 KI19i:iLT v /<> y yi4wM*-©/j\£(,^b$l 

TtM< lTl^/:toi:, fSHWKp<ll=i>** h®2 004+ 'J7ii 

te> ft iib/c*@#rFSg 5, 3 0 6.6 6 2-*§-fc^$tu 

*^»J©T--'J >r{ro(,>xt^B#I^5. 3 0 6,6 6 

R I ESIBiCj:f5*±«©pffl!|3>^^ hjf 2 0<t N p#J?^ y KJf 1 9 
^i»;f>^b^ 4 //mOX h5>T:/lB£Wr* V y v^^ir-T^o 

SCiia^ Stt«©3S5t*<x h5'f7 , 'j7 ^©Ti:i*t £ J: -5 left-? 



93 



WO 98/31055 



PCT/JP98/00025 



'<7 7tI1 lOgffi^SfHiS-felrSo BHJ$li-/:;©nfl|/<y7 7il 1 

■CI4n«/<977ll 1£=»>^? Nil <fcUT^5#. GaNSIl 0 0 
ttx 7 f IftiJ IfcGa NS® 1 00£=i>^ h «<!:-#-* 

*<»£tt3 p«^2 1 <D&&£ UTte. #J;U2N U Pt, P d> N i / 
Alu Pt/Au, Pd/Au^miimSo 

—73. TiiAUH§n «@ 2 3 £$fe(3: i'fftb n 7 7 r 
®1 lcD^Birx b^fT^KBETr So n«/<?7rllL £^teG 
a NStl 0 0 iff* LAv**- ^ ^^ft,n^nli2 3®#*4<t UT 
liAK Ti, W, Cu, Z n. Sn, I n mcD&m% L < li^&*<Sf * 

&fw> E13(i^^-J;9irpm@2 1 nli2 3 ^ORflllSdj U/cg 

2 5^ltpl®2 1 <k«»Wtcg!ttLfcp/<y K«ffi2 2s S^n/<7 
K*«i 2 4 *J&j£-r So C© P /n°v Kli2 2liIffi^Xpii2 1©g 

S<fc9i;:-r£fFffl#£>£o — 75\ n/N°«y Klfi2 4linIfi2 3©*J*<*i 
*^ih-rSfPffl*^So 
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*mT~'<-mzmMi^ mmmiz&m%*itm-fz 0 ^m^mzs i o 2 
tr i 0 2&K>tzz>mn&&mm*K$LL, m&\zvn.mzw-ftttfax\ 

^Kfe^T. P${im^K2. OkA/cm 2 N riffflSII4. 0VT%IS3S}& 
S4 0 5 nm®]®i^f£ig#5iIS$*ls 1 0 0 0 nWA±<om^^ Ltz 0 

mmm 2 8 ] 
■to 

^■Vt^T (C®) ct^<i:5SlO±i:GaNJ:i9/ < i:5/<7 7 7l^ 
UTS i£5x 1 O'Vcm 3 K-7L£G a Ni^ ft 33M£||£1 5 0//m 
OMI¥T-fiJcS$-li-/cG aNSSl 0 0*fflin o COGaNSSl 0 0 

at? v ?m±mi 3) 

n®P<v 7 rM 1 ME£8 0 0°CK UT> limtfXK TMG> 

TM I N T>*-7, ^nmiS7,\Z'y^ S i £5 x 1 0 18 
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/cm 3 Y-7\stz I no.iG a 0 . 8 N<J: *} /«£ ^5 ^ -5 y?m±Ml 3^5 0 0t 
>rx hn-A0lffTR!cfi$t5 0 CCD?^ -y ?GS±J11 3(4 I 
trn^cDg<b»^^ U< {4 I nG aN-e^S^-ti-^Cclrtr^Ox 
A 1 %^-trS-ft«B^*(*S*<l^5 «y tfrAZCD&mk-fZZtfr-eZZo 
n%>ZK>?z> y ?W±mitl 0 Otv^X h n-A£LL. 0. 5/imiiiT 
©Igll-CJ&g U\> 1 0 0*>^*X ho-A«J;<3 

?3v?m±.mi HWJ2 7 innate lt> $iV% K-^£*i 

J; ♦) t£ £ n fflll* 5 y KJI 1 4 <t ^ T > K-^ n <»fefe#>r KM 1 5 

(nffiiJ*+.y7°Jf 2 0) 

i^TTMG^ TMA. T>^7\ >#X£flH^ n#J3fc;tf>r K 
II 5«k<? K*> ^x*^-^«i\ S i £5 x 1 O'Vcm 3 

h'-T'UfcnIA 1 0.3G a 0 .7N«kt)/j:*nffl||4-+ 7-/I20^3 0 0t 

^i4HWJ2 7i:|5|^{cLTStfejil 6. p (10+ + y 7M 1 7 . 7>F. 
-^Pffltt^-f KH 1 8> mm h'-zrZtltLmte^kQKZvmtr^ y K 
I19^ p<H=» h«2 OfcJjfcfiS-ti-*,, 

ft±/l©P$J:3>^ h/12 0 pffl?^ y KM 1 9 i^xyfy^b 
U >y ^JBfiJcSL pffi«3>^^ H20©'Jv ^f^ffllcN i/AuiD 

^£5piS2 1 £x b^-ryttii^fijcU pii2 ije*^©**ffi©a-ft 
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7 7^TS«£ffl»K:J: *m*U GaNStl 0 0 <DmW&mtii $i£So 
IffcbLfcG aNlHIOIJIJiiCT i /A 1 0 £ n 8S 2 3 £B 

K-An&omwK-m^-tzm) -c»hiu ^otsraasKs i o 2 iT i o 2 
mmm2 9] 

^WJ2 7(cfe^T. n«/< y 7rll llifcfigK HWJ 2 8 «t|S|«(EC 
UT?5 >y ^E^jJL® 1 3£j&:S£-ti-3o &fi^©?7 v ^H5iLii©±{w N 
Si*lxl 0 19 /cni 3 K-^O/wA 1 0.3G a 0 .7N«#— Ji©*«k fj/iS 
nl^5»y KI14*0. 4 #m0igJl-ejj£g£-b!-£o SfcliUJfeffil 2 7 £ 

[H»J3 0] 

HWJ2 7Jrfc(,NT. p#J^5 ? Kill 9j&gB#fr N Mg£l x l 0 20 
/cm 3 h'-^LtzA 1 0.3G a 0 . 7 Nji#— 4 // m©JKJP"CfiJtS$-fr 

S < Ur>tz Q 

ciswj 3 1 3 
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^rl x 1 0 18 /cm 3 K-^U^A 1 0.2G a 0 . 8 N«0. 4jumin 0 3fc N 
p$J*5 >y K«*>IH^{CiS^a^<J:ii-^-\ Mg^l x 1 O'Vcm 3 K — 
LfcAl0.2Gao.eNIO. 4 vmt-?Z 0 Rt>Q\z:^ nM^VKJll 
5£T> n 0 .oiGa 0 .9oNI30t>^hn-Ai, Si^l 

x 1 0 17 /cm 3 F-^U/cG aN13 0*>?'X h o-A t&mm Vtzmm 
mO. pi^VKI18^7>K-^In 
0.01G a 0 .9 9 Nli3 0^->^'X hn-Ai, M g.£ 1 x 1 0 17 /cm 3 K-7° 
W;GaN130t>^x hn-At^iiL^lf 0. 1 2 fim(Dm 

C^Wi3 2] 

aNM3 OtV^FD-Ai, S i *1 x 1 O'Vcm 3 K-^LfcA 1 
0.05G a 0 . 95 Njl^3 0*>^'X bv-l»t&mmLti1&mmi. 2 nm 

oomm^±xh^tz 0 

mmm3 3] 
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mmm27 tm^<, 2*>?<t>^ cooon ci^iit5t7r 

^7SS3O0±i:5OO°Ci:t N G a N«k <9 *£S'<*y 7 tM mm-&-?) 
^20 0t>^7, bn-A©Jg»-CJiJcg fflff^l 0 5 0°Ctz L 

T7>F-^GaNI3 1 * 5 jtz m||)f TJ&S $-££ 0 f£k COfifcSSl* 
5 #mic|®3£$*i£ <U '<y7r»J:t)*>J»^KJ¥ 

77^7©!, SiC, ZnCK X fc?4wK G a A s ^S^¥»(**fiJc 

»[i::07> K-^G a NJf 3 lfifcftSU * -'^Kffr&Hfr £1R *9 
tbU :©GaN13 1®SIi:> x h 5 4 zfVi.(D7 a- h 7X * £J£i£ U 
CVD^@{iJ:<9X h ^°ij"S2 O^nu XV^jymffi (SSB) 5 
©S i OiiiJ/iSffiiUS 2£0. 1 vmCDmmX'J&jfc-? £ 0 H8liX 

i«l^fi'OJ;^«T'fem^ T> K-7*G aNI3 1 ©HtM 

#> BP^ff«K*<^fi)t*nT^tti^»» cot) i<9 fe^iioia*^: 

^H©W*4£ LT(*. mX-ttWUfr 4 X (S i Ox) . mt>r4* (Six 

Ny) s (t i Ox) , miyfr^—vj* cz r o x ) ^©se-ft 

ft. s*kft. ^/ccn<a»©^iiM©fik> 1 2 0 o o c£x±om&%&-fz&: 

&JK6 0 0°C~1 1 OOtOSgi:^, *©&®KgffcftifM*flea<J5£ 
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«II3 2M^ Ox-A^^^rti:tyhU 1 0 5 0°C 
"C\ T> K-yG a N £ *3 S G a NSil 0 0 <htt<5G aNJ!£ 10 n 

U:<i>ttI^t^^iH3 2©^®±K N Sl^iajirG aNii^S^ 
t^^TGaNSIl 0 0 3 2 ©±(C(i 

G a NJI>W&fi-t!"f. &S&©7> K-7*G a Nil 3 1 <D±IZG a NEWM 
ft 3 o.^TG a NScDgJcS^^tj-^i. G a NJI^^ISJKeIc 

GaNIRi-Co«*<,T^ «®J@I3 2 ©±iC G a NJBjWSS U/c^©ck 
5ttWBt£iZ&o G a NI 3 1 ±i:«iR 3 2 l"C G a NI 

fCgfcft$ft-c^&GaNjf 3 l©ISil*R&<b. ff«flt3 2©±K«Jt*ti 
T^*G aN*Sl 0 Ot©*gSXRS©»T*So -Ttt*>t>> ^ISi^: 
3fk&¥*(*<!: ©♦&?:£#©£ X7 y fi:J: 9. IIIS©±i:^I^n 

F«J 3 3©J:-5lw X «SH3 2±(i«t^lSj{r^g$ft^G a NS£ 1 0 01*. 
M£«±i::jeigJ£gLfct>©-Clitt < - W&-?Z!&frt>ti$Lg:i$*ktzG a 



100 



WO 98/31055 



PCT/JP98/00025 



$tlT«5GaNl^Sizi:n;ti: < i:^ HJfe^J2 7®GaNS®i: 

aN13 l©*£ll:K:PfBtel 0 1 0 /cmm±&Z1)\ C©HWJ3 3 
©#&K«};<5GaNg&l 0 0 ©ignite 1 0 Vcm^TtC^^-lir-S 

K±0J:9i:lTGaNSIl OOOTUfc^ ^GaNSS±i:I 
WJ2 7 iH^lC UTS i^lxl 0 18 /cni 3 Y—-fhfzG a NJ: Ott-Sn 
<B9/<-y 7rJi. ftnv^? 1 1 ^ 5 ^ mOHJ^TgScS^-tt/c^. HJg 
#J2 8 iiHl^fr LT. Si^5xl 0 1 Vein 3 K-y L*: I n 0 .iGa 0 . 9 N 
ck 0 /«£ £ 1 5 >y * ffi±M 1 3^5 0 0ty/x h o- a®$|J5-?j&S 
■ 5o ft. ? -5 * BfriLJI 1 3(iWB&-r^>c it-e^-So 
(cf>^^^S^Mtl^^©^^^^it© n #J ? ^ >y K* 1 4 ) 
ftiC, 1 0 5 0°CT\ TMG, 7>^-^T#X£ffl^ T > F— "7°G a 

TMA^iStin L/T > K-^A 1 „.iG ao. 9 NI^5t>/X hn-Aj&g 
^^T->^ ytfX^ilinLS i^lxl 0 1 Vcm 3 K — "7° Lfc A 1 0 
iG a 0 . 9 NJ1^2 Ot>rx hn-A©Mj?:-e^:g$-ti:/c^. S i £-ih 
feT7> K— 7°A 1 o.iGa 0 . 9 N|^$bi:5t>^ h n - A©jBiIi:-C 
J&g£^^:S C <t K J; <9 . ><> K^i- -y^/l/^-O^tl^^ 3 0 #m 

KJB1 
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<^(C. 1 0 5 0tT, TMG. 7y*-77!f7^l\ 7 > K~^/G a 

TMA^riiinL/T> K-7°A 1 o.jG a 0 . 9 NJf 5 ^ > ho-Afifcg 
£-fcU il^TC p 2 Mg£iEj!l0LMg£l x 1 0 20 /cm 3 K-^lfcA 1 0.1 
G a o. 9 NI^2 0*>?'X h a-AOIRBt-CfiJtS^-fryt^ C p 2 Mg£ 
±tbTT> K-^A 1 0.1G a 0.9 N/13: $ ^{C5^>^"'X h D-AOlf 

3 3m ^4©S^¥#(*«i^3©S^^*(*S<!:*<*n*'*il 
2 0JHc*E*«fc-5f::«JiU 0. 6 ^mJP©^ mfe¥ffiig£ 0«5n (ffl? 

5 *y KS1 9^^^-r^>o 

^ttfii:, ^»J2 7 <h|5|^CUTp{lij3>^^ hi!2 0^^S$ 
^>^£m^p{flJ?7 -y KS1 9£Lk©Ji£x h^^^O'J -y VT&ftt 

n^i2 3^JBfife^- > <#nflip<.y7 r Ji^®^^tjB$-tJ:, n«&2 3 
J&U — ^pflijny^? HJI2 0©U -y ^i»fepll2 
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OKffiTU II4 0 5 nm©ai|gI^ii, 2 0 0 OBMBEU:©** 
*^LfCo cniiGaNSSl 0 0 (Ci@@^|%eD^/j:c^^>CD«-€gffi L^C 

8 Kfct^ G a NSS1 0 O£0iJ*.tf8 0 jumJK±©J*JrrJifcR$-a:fc 
il&Kti. MSgffi3 0 3 2 liiit ^ c t t^it* 5 0 

mmrns 4] 

H160I3 3K*H*-C. nffl*5 * KJB1 4*e£S3-£SB8U 
S i £1 x 1 0 19 /cm 3 K-^L^iA 1 0 .iG at. t NM2 Ot>^h 

-ti~riC. T> K-^G a N«^r2 0^>rxho-Ai, Mg^lxlO 
2o /cm 3 K-^lfcA 1 o.iGa 0 . 9 N«<&2 0*>?*x ho-At^SIU 

^^Iiii(5'l5|b2 0 0 0 B#IB!&±£jj* Uto 
[H«J3 5] 

MWI3 3iC*jl>T N nflj*5 v KJf 1 4£fifc£$ii-5BU Si£lx 
1 0 19 /cm 3 K-7 p lfcGaNl%2 5^>^'X ho-Ai, 7 V K-^A 
1 D..Ga 0 . 9 N1^2 5 FD-Ai^ii;iiU *&MJS0. 

Mg^l x 1 0 20 /cm 3 K-^L/fcGaNi*2 5*>?*X ha-Ai, T 
> K-7°A 1 o..Ga 0 . 9 NI^2 5*>?'X h d - A <k£X2lw8NB U 

t&mmo. 6 uirKDmfe^-mmt-rzmtnmms 3 £isntic u-cu— «f 
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immm3 6] 

tMJ3 3i:m, nffi!l*5y KJil 4*JfcB$-ti:*KU Si^lx 
1 0 19 /cm 3 K-yLfcG a NJI£2 5 hn-Ai, Si*lxl 

0 i7 /cm 3 K-^LfwA 1 i.,Ga M Nl*2 ha-Ai^I 

tcajiu t&mmo. 6 tLmom%=pffi&t-tz 0 — p«?5? kji 

1 9 Mg£l x 1 0 20 /cm 3 K-rUfcGaNI*2 5 
t>^hD-Ai, Mg£l x 1 0 18 /cm 3 K-^U^:A 1 0 .iG a 0 . 9 N 

ajg£-f Sfffctell»J3 3 £1^*11;: L,TU — if^&ttmLtztzz^ H 

[H»J3 7] 

HKEM33^fc^Ts nfflj*5 -y KJi^iStS^afe t-a-TC Si£l 
x l 0 19 /cm 3 F-"7°L^A 1 „ . i G a 0 . 9 N«£ 0 . 6 fi m©^Ts3cS$ 
— 3\ pM??v K»l 9*fifcS$-a-«IRI4> Mg^l X10V 
cm 3 K-"/lfcGa NJI&2 5^>^*X h o-A<h> lxl 0 18 /cni 3 K- 
7° U/c A 1 o.i G a„. 9 NJ!£2 5*>?*X ho-AiHIi:|lL, 
ilO. 6 #m©iSte?«sft<fcr*(lfe(ifSffi0y3 3 <tEiaiH LT U— !f* 

ioo 0NFiaije(±©^*^bfco 

[H«S0I3 8] 

) iU ni/<7 7 7lll^5$tS^i:, Si£lxlO' 9 
/cm 3 K-^UfcA lo.o 5 Ga 0 . 95 NI50^>/XFn-Ai, T > K- 
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mmmz 9] 

H»J3 3K:fc^T N n$]^5 v KJB1 4*T> hWGaNI2 0* 
hn-Ai % Si^lxl 0 19 /cm 3 K-^UfcA 1 o-.Gao.gNji 
20t>^hD-Ai^il«llfO. 6^mOjffltt?«jfti-J-* 0 . 
ftCnlW KJ11 5£S i£lxl 0 19 /cm 3 F-^bfcGaNI2 5 
t^^j>D-Ai, T> K-7A lo.o 5 Ga 0 . 9J NI25t>^hn 

— P flflfttf'f KS *>> Mg^lxlO 1 Vein 3 V—zfl/tz GaNI2 
5^>^l^D-Ai N T> K-^A 1 o.o 5 Gao.9 5 NI2 5t>^F 

p-At*ss5:icafeft*-tf-. f&KJ*o. i/tmoatt?«iit«, &c 

pflj*5 y FJf 1 9*7>hWGaNI2 0 * h o- A £ N Mg 

£ 1 x 1 0 20 /cm 3 K-rifcA 1 oiG a 0 . 9 NS^2 Ot>/X|>n-A 

[H»J4 0] 

ft«50J4(m. HWJ3 3£|h]8L GaNIfilOO^ffl^TlfiRbfc 

GaNMl 0 0±H£iT©«¥S(*Ji*<©fiJc$nTfllfiJc$tl-5o 
£-T\ ^OGaNiil 0 0O±CS i * 1 x 1 0 1 V c m 3 £l± Y—f 
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£2 i«m©IBiJS-CJi£SS*So ^*>\ C©jB*T> K-^OG a N<t. S 
i * K-rLfcA 1 xGax-xN (0<X^0. 4) ^W48»7lil/ 

3£Bftl** TMG, TM I , 7>^-7\ ^5>^7T\ S i * 5 x 1 0 
18 /cm 3 K-^L/fc I m.iGa M NJ:!)tt«^y ?B£jL;1£5 OOt 

<t*<-C*5o ^KfitJItel 0 0*^:7** hn-AJ^±, 0. 

5 ^mHTClifsHI^ifSCWftb^o 1 0 0*>?'X hn-A 

ttlr^Ts 1 0 5 0°C-CTMA N TMG, TV^^-T. >5 >2fX*flH^ 
S i £1 x 1 O'Vcm 3 K-^UfcnlA 1 0 . 2 G a „ . 8 N 9 4 
0t>/7ho-Ai, T> K-^OGaNl*4 0 hn-A© 

a^T, T> K-^A 1 0.05G ao.ssNJ: *}<C* nfflH^t/fl' K/I£0. 
1 Mm©mj?tfgJtS$-ti-§c wO|CligttiO**f*t SfttfV KJB 

OMGaNiA 1 GaN^btiSa^itnci t>T'££<> 
&tc. T> K-y I n 0 .oiGa,.„NJ:t)tt«gtta*4 0 0t>^X 
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^^Mg^lxlO'Vcra 3 K-^lfcpIA 1 0 . «G a 0 .«N«k *J 

/<> Mr* y yx^wM^-^pfflJ** v^lit) *>/Jn£^> Al 
o.otGao.s.Ni^^plW KS*0. 1 /zm©HlfT^g$-lt^o 

/h<*<-f£o 

»^TMg*l x 1 O'Vcm 3 F-/bf; pIA 1 ,.,Ga,.,NI*4 
0*>?X hD-Ai N T> K--TG aN*4 0 * h d - A £ £32 

iCtl^SbfcStllPO. 8 ^mCDiSt&^^ii.kO^SpM^ 5 <y K 

ft&K. KlO±l^ Mg£l x 1 0 20 /cm s K-^Ufcp 

MG a N ct 0 tz Z> p fflj =i >^ * hJf £ 1 5 0* >^*X h d - A©igj?T-J& 

KJlirgLT. /<> K** •y^TWl^'-O/J^^Mft^^ttSrP 
flijny^ MiLTs ^©11^5 0 0 h n-AJ£TF<i:»< U 

mt&*L^*-i yfUfi&btiT* m=?<DMmnffi, nEEtrnT-tzfa 
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#H4$fFlg5. 3 0 6,6 6 2-f-t;:F ? ^£*u ^^»J©T-- U 
^Tt^H#fF^5, 3 0 6,6 6 2^C^$;ftrt:;£j*£ffl^TfT % 

=i hS©M£85tiJ$-t^ TiiAl J:^i:5nll^7 h -7^7 

t&mztizm&umt \,x\u h;u*n i . pt, Pd. ni/au, 

Pt/Au, Pd/Au*%TO:tm« B nSGaNt^L^ 
*-^^S^«UttflibTliAK Ti, W, Cu, Zn, S 
n, I nfOil^Kli^^flj-Sci^lSo 

L^p^°<y KI@*Mt5o ccDp/N'-y KWffittHRWftp*S©£a5 
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*©&. Au/S n{Hi]£x^^yLT> X h 5 f rttOMfcMtt 
#|6jT/<-ttlc5SMU §5M®i:*3Sg*ft«!'r*^ &*g§§®f::S i 0 2 
<hT i 0 8 «ke»<i:*m*(*:^JBI!l^fiJcU p«ffilc¥fTtt3Sriolt\ 

1 1- h £*<**jsi ufctKag) tt- h '>>?Ki£gu **i<en© 

i&Kfct^T. MIItt«ft2. OkA/cm\ mmW.Ki. OV"t\ fgjg 
»S3 6 8 nm©jSMfcS8JgjMIK&ft % 1 0 0 0lfMHMa±©***3j*Lfco 
[HJfcfll 4 1] 

H»J 4 1 ^TtillJfeBSg 4 Kgo'^TfPJ&£ ft*: U-lf ^©fllT* 
6o m9^#MLTHWJ4 1 i:o^Ttt^tSo 

(TttlJI3 0 2) 

OVP EKJfcggrtc-fe -y h U 5 0 0°CC UT* h U > TfrifV 

VJ* (TMG) % Ty^—T (NH 3 ) fcffit,^ GaNi0tt5/<y77 

SfifeSS&> SK*1 0 5 0°ClcUT, |h]D< G a N «fc *) tt*T«I« 3 0 2 
* 4 # m omm Cfifcg $ 3 o 
(«SH3 0 3) 

TttI3 0 2Mis * *-'>£Kte§S§^£IR()aiU C©T?tfe«2 

^J-fWil 0 /tm, X h^'f^BBBI OggB) 2 /trnOS i 0 2 
MM3 0 3£1 ^m©ffllHt-c}&fiR-r*o 
(Sft&¥*{*Slg3 0 4) 
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UmB3 0 3JEf£'t£> x - ^*f|«M0 V P E OS«§Srt y h 
U &Jg£l 0 5 0°C{wU-C. TMGs 7>^7^H\ T^K-^G 
aN«kO««S^k^t»(*lfifi3 0 4*2 0 /*mO«fl[-CJ5JcS$-a:5o 

(ni/<7 7 7 13 1 l=^n{|j3>^^ hS) 

©f»^I4 0±i:S i *3 x 1 0 ,8 /cm 3 K-ybfcGaNit) 

y ?B&ltJI3 12) 
TMG, TM I (h'J>f-M>^9A) „ 7>t-7^l\ 
2SKSr8 OOtCLtl no.oeG a 0 .84Nck <9/«£-5^ 5 v ?M±m3 1 2 
£0. 15^m(DH-efi£S$t5o 
(nflij^ y K«3 1 3=i®t§^S) 

10 5 OtT'TMA N TMG, 7^-7s ->5 >#**flH^ 
Si*lxl0 18 /cm 3 K-^UcnlA 1 0 . i 8 G a 0 . s 4 N £ 0 ft <53H 1 
©JI£2 5^->^*X h n-A®KffTj£g3-ti- N i^t->7^7!fX, TM 

©kbe-csss * Lxmim+m2m+mim+m2m+ - • • <t 

5 y KS3 1 3£f&fi£-t!-<5o :oa^iDtt5ni77 -y KJBtiA 1 
¥^*&fi£*<8. 0%T£>£CD-tN 9. 6 <£:*»: £o 
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(nffii]ft#W KJB3 1 4) 

i^Ts >^ >#x£ita6, 1 0 5 0°C-eT> K-7°G a Nek *?*££n 
{RiJfttf'T KM 3 1 4£0. 1 #m ©Mil £ 0 
(JgttJB3 1 5) 

TMG. TMK 7^-7*ffll^ttI3 1 4 ^J55cS$^5o 
SttlliSS^8 0 0°C{C^UT. TV K--7I n 0 . 2 G a 0 .«N«k <9 

Jt*aE-fb$-a-5©*Tl^--a!e^ TV K~yi n 0 .oiGa,.„NJ:5tt 

0 0* ha~A©mi:-Cfi£S^#So 
i*«li:iIU *&K:i*gjnr&:fc>*K iS®iglJ¥4 4 0^>?'X h n-A 
©^M^F** (MQW) ©gtt»*iSfi$-a:« 0 
(p«* + -y7°«3 1 6) 

ftl^ &Jg£l 0 5 0°CK±l;J\ TMG> TMA. T>^-Ts Cp 2 
Mg vo? iSaL—ju^y^ isV A) piM^f K13 1 

7<k9 h'*r+ vZf*.*Jl>¥—fy<j<:%\,^ Mg^l x 1 0 20 /cm 3 K 

-yU:plAl 0 . 3 G a 0 .7Ni04-5p|Rt 7^1316^3 0 0^ 

(p«0*^ KS3 1 7) 

tt^TCp,Mg, TMA£ibi6. 10 5 OtTx + 7^ 

/t^-3&<pfl]* + -y713 1 6 ct <0 4>/Jn$C^ 7VK-7G a Nek <9tt<2> 
pfflbfctfW KJ13 17*0. l/imOlfttSSitSo 
(p<M*5 -y KJB3 1 8) 

i^T^ 1 0 5 0°CTMg^l x 1 0 20 /cm 3 F-7L/:pIA 1 0 .ie 
G a 0 84Nek *)t&2>$£Z<Z>m*2 5*>?'X h n - ACD&ff-Cfifcg $ U\ 
il^TMA©*^±J6, T> K-:/G aN<fc 9ttS*4©JB*2 5*> 
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(vM=i>f? hMS 1 9) 

M'&K, 1 0 5 0t^ pi^7M3 180il^Mg*2xlO 
20 /cm 3 K-^UfcPIGaN«J:t)«5pflj3>^^ hJi 318^150 

fcJi * $ £ 1= ffi»*Mt $ * £ o 

m±m<Dpm^>? ? vm3 i8t, pm?? v ks3 i 7 
'^7t13 i i <o&m zmmz *<> 

RlCpffliJn h/13 1 9©'J yy*Sii:N i <t A u <fc 9 tt* pi 

^3 2 0^7 b^^^Wzm^L. — T i iA 1 i5ttSn«g3 2 

EI9tr^-r«k-5{Cp«g3 2 0 <!:. nig 3 2 2 £©|UJi::»tB L 
/:IW*<*I©glCS i0 2 <k9tt*fc»K3 2 3£JBfifcU £© 
%&ffi3 2 3^^UTpli3 2 0 £««WK8MSfc L*: j>s< v K1S3 2 
1 *JM-r<5o 
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Appl. Phys. Vol. 36 (1997) IC^it Lfz %><Dlzlt%& LT> ii^lO% 
MTU ^#(i5 0%^±fS]±U/Co 
[HWJ4 2] 

H»|J4 lK&^Ts nfl!j*-5 y KB 3 1 3£j&g£-£<5E§IK:> Si K 
— 7°nMA 1 oaoG a o.soN 2 5^>^X hn-Ai N T> K— 7°G a N 
25t>/7 Fd^HU t&Ml. 0 ^mOiS^^ck *9 /«C n «ij ^ 
7>y KJi 3 1 3£j&g£-t!-£ftiil*|5j«?ii LTU-ffra^L^o tefc 
n#J^5>y K/fliA 1 ^JSfiJ&^l 0. 0%T£>6©T\ *(DWk&t<om 
(310. O-C&So cou-lf^ t>l£»iJ4 1 £(5lS'l^it©#tt£WU 

CH»J4 3] 

3IWJ4 1 Jlfcl^T. nflij?-? -y K«3 1 3£Ji£g$-fc»:6IKKx Si F 
-^ngA 1 0 .2oGa 0 .8oN2 5*>?*X ho-Ai, T > K— 7°G a N 
25t>rx hoi^tlU ifeSSIffO. 7 jum©jgte^J;<9te£nflJ* 
z>v KJI 3 1 3^^g$4i-^flfe{i|^1t(w LTP- •fSR^flMWLfco nfflij 
? 5 >y KJfiiA 1 0%-e*>-5©T% ^-©HH: 7. 
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[3SJS0I4 4] 

nmM4 lKfc^T. nflij^ <y KB 3 1 3&l&&Zltzmiz^ Si K 
-^nSAlo.i2Ga 0 . t >N2 5t>^hP-Ai, 7>K-yGaN 

7«y KM 3 1 3&f£&Z<&ZmtmmzLT\s--fm : ?'&ft®l[stz 0 nflj 
^7 7KIIiAl¥W^6. 0%-C£>£©T\ -£-©^15 4. 

tfJR^tiJpn. J. Appl. Phys. Vol. 36 (1997)JC3SS 

[H»J4 5] 

H»J4 1 JCfe^Tx nflj^v K*3 1 8^fiJcS$-fr-5^tc x S i F 
-^nlA l 0 .07Ga 0 .9jNI2 5t^^hD-Ai > T^K-T'Ga 

(CUT. I/— tf^^fPSSb^o nffiij?5 v KJIte. A 1 ¥*S*&Jife*<3. 
4 4 <D © £ li:J§f|H!^<E>4#t£&^ U/Co 

t\*&mztiT^tzifi^ S5ttS*»Eti\ 0fl*tf?5y K^^iim— 
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^tW^tt^Kcfcftt*, LED. L D^OSettJR^li 
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m & co . m m 
2. i x« 2 &L±(omt®¥m#mfr £ i 

Ztitzm^m 1X14 2 KE«©S*k4i!iaMM**?o 

4. striemios^ Rtf^2©/i©rt04>/«i:< a i 

5. fiHEA 1 *<£ttmtm*mWi)K SIAlvGa.-vN (tztzV^ 0< 

6. f^^ieiS*S : ?^{Cfet^T^ 8HKffSl©«rt<5U nxGa,-xN (O^X 
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si) -emznzm&vastm&frzteo^ ^oiui2m2©g*^A 1 y g 
s i-tN cosysu x = y*o) -Qm:Zinz>mit®*m&frz>tiz>m 

7. iuIBig&^ilfC&^T, BlJIEmi©jl^I nxGa.-xN (O^X 

< i) -^m^n^mitm^mwib^ti o. ^ofoiem 2 a 1 y g 
a.-vN (o<y<d rm£nzm4t®*m&frz>uzm*TM6izizm 

8. f5E3t 1 ©JI&. O'fuiem 2©Jl^*l^ f n> 70t>7xFo-A 

9. fJjlEBl©M&^2©jI©Mli:#^ft^*u 10^>^'xFd- 
^Tx pm@£J£/&l*-<5/;:a6©p{|j3 >^ h/I£{i;U gp|ja>^^ 

11. mz&pm=>>? ? hmommfrts 3 00^>^fq- 

12. ffiizmitm^-mw^&z ^ti s sniep#«#j©^^^(wfc 
1 jiM 1 1 ©rto^-rti^ 1 T%ic§2m,(Dmitwi*m&m=?-o 

13. iiuieM^^tt^^ £>K. IIli:I10/<.y7rI^ 

isxmf&zntz^ mmo. 1 #mja±©^t^*#;&^te£j&2©'<-y 
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t£n<IJ=> H«l=n«g*<}BiiJt$nT«*»*5ll71jSl 2 © 9 £© 

1 olcK«©fcfk1&¥*#*^o 

14. Bai5*.2©^<->7rJl©^*6*l»K*< % ffitZnM^ 9 hJf K 
ltRltfi»a!T*S»*«l 3 Kfe«&©g>fk^¥3>&^o 

15. auIB^ 1 ©'* v 7 TMs &t>'f?i§E3f!2©'<y 7 tIO^©^ < 
<!:*>— #14. MJ» 1 0 0*>*'x hn-A#T©2^K*&JSfcj&WJ:<5S'fk 

tzitl 4 tCgE*©a^k«!^*(**?o 

16. tfJES4k4fc¥a^*?#$£fc:* ifflg5n&ttfflj®¥&ttftti(::ft 

2 nm i 2 ©rtcDi%-rti3&> i m^mmomitm^m^m^-o 

17. BuE^loiisa ; tuiem2©®©^cD^v<j:< i^— ^fr. 

18. S085IR lOWRCfUffi* 2 OS K K-^$n^. ^I0*tl^ 

n«Hvr*i* i ii{CHe«g©^kw#^?o 
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tzm-%.?% i-i9 ©ft© i ojciemo^-fk^^^^^o 

2 1. n M ? -5 -y KJI£#i; n #«1|iJcd^-#^^ £ N VM 

o - AjHT©K«*wr *e^t«B^awt^ s jus ©s &a$ 3 ©i 

2 2. iuISpffiiJ^5 y KJfRtMgpffii]^ «y KS«k »3±©SlCx ^©^ 

mwm t i)<mm ztixtizn amm^m x-&zz± t-tz mum* 
2 4. ix&2M±®m4t®*mftmfrbteznmnM0*mwmi&£ 
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i x \t 2 zi± © mita*mwmtr> •=> u s p ©¥**#«« t ©m n > 

0 M^i: p 3 iI4 omit®* 

2 6. fuienaijig^^wcfc^T. mizmi®m4t%}*¥-mfcmte. mis 

^b1»¥*(*:JiJ:0^*^nffi^«4»jiJJC«!:*W-r*l»*«2 3X142 5 

Kissrr n a^»6«3»ap€-io85ie 2 ©^b £8tn*: 

2 8 . mzm 1 ©2-ffc43j¥3M*Ji© n M*tt«a»K*< 1 x 1 0 1 7 /cm 3 - 
1 x 1 0 20 /ciD 3 £DiEffl{C*<9x 3&2©£4b^¥*#«©nS*««a»#rt< 
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1 x 1 0 19 /cm 3 ^T-C*)^i**lI2 6X1*2 7 IH«OJ[^k4»^*(**?o 

»2os^t^»i*JiJ:*)^#c^<> y tmmm 20 

mtm*m&m±*) 4^^nm*i&mmmt*m-? z>m*i%2 3x1*2 5 

3 0. M2^2©HI:W*li:i5^T^ fiJIBIfl 1 <Dm4tM¥-mtem 

3 1. IHIBf l©IWi»iOnIMMAU x 1 0 19 /cm 3 & 
T-C&^K Me^2 0M{bW»{*«©nM^^^*n x 1 0 17 /cm 3 
- 1 X 1 0 20 /cm 3 ©|gfflT*>^It^il2 9X1*3 0 fB«©^b$l¥3l{*5St 

3 2. MiZmomitVQ^M&miiA 1 vG a,-yN (0< Y< 1) 
*f HtIIEm2©g>ft:»#(*®(i In«Ga,.xN (0^X<1) 
*»3fc3S2 6-3 1 © 1 ocieioijttl^f 

3 3. fulfils 2 ©^fb^##Jf*<G aN^^5»*5 3 2IB«©S 

3 4. IiJ§EJ&l©M4b^¥#<*JI(*A 1 X G a,-xN (0 <X< 1) fr£ 

mfcm2®m4t®i¥mfrmi*A 1 vGa,.yN co <y< i. x>y> 

j^£tt*»:frig2 6-3 l©9^©lo(ciB«©^b^3li*^o 

3 5. mfcmi0&<m*m#mximis,m2<Dm4i®*mftmtau 

tciB«o^b^^(*^o 

3 6. HaiBpffiiJie^SfCtJ^T. l!3iei&3©Sfk%¥#<*JiW\ lulB 
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m4t®*m&m&t)*£i,^M*m®mmb*:m-tzm*iM2 4x& 2 5 

3 8. fIIEm3©^bW^«©pM^M^S*U x 1 0 18 /cm 3 ~ 
1 x 1 0 21 /cm 3 ©igfflK&?K 1 4 ©Iffct^^I© p I^^ftgg^ 

1 x 1 o 20 /cm 3 &T-e&3«2fcri3 3x1*3 Atmomitm^m^m^o 

4 1. MIBm3 0^h^^Ji©pM^»2gS^l x 1 0 20 /cm 3 & 
TT'fc <9 . W, 4 ©^b^¥-3l#Jl© p S^iSft&afirt* 1 x 1 0 1 8 /cm 3 - 1 
x 1 0 2 7co 3 ©fSH-c&Sft3<iI3 9X1*4 0ie*B©M4b^¥##f^o 

4 2. l-Jie^SO^t^^^iiliA 1 yG ai-vN (0<Y<1) 
#0. I0iS»4©^k^a»(*JUi I nxGa,.xN (0^X< 1) £ms>/«£ 

*»*is3 6-4 i ©9 i-oizmmomim^mwm^ro 

4 3. l?TB5»4©a^t«&#*{*S* < G a N & £ i»3fc^ 4 2ISH©g 
4 4. IH8S»30S^b^*(*JB«A 1 xGa,.xN (0<X<1) frt> 

iftfom 4 <Dm4tm*m#mi*A 1 y g a,.vN co<y< i, x>y> 
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4 6. fulEnffiiJjgte^lKifc^T, f1jiei&l©^t^¥##JIte N ME 
4 7. fuiemi Oiibi^ftlO n I^^ig^ 1 x 1 O'Vcm 3 - 

i x i o 2< 7cm 3 ®$EfflT£>oT. m2(Dm^t^mwmonm^f^m& 

*U x 1 0 1 Vcm 3 J^TT*. 0 ^o, 

m$zm3(Dmitw*mftm<2vm*m®)-mm&i x i o ,8 /cm 3 ~i x i 

0 21 /cm 3 ©$SfflT& fijiem 4 ©M4t4»2»#/!cD p M^i&M^# 

1 x 1 0 20 /cm 3 J^TT£>£!t3fcii4 6 lemoM^^tt^o 

4 8. fitiian{iijjg^s(cfc^T N mmmi<Dm4t<M*m#-mii, mm 

4 9 . BuISm 1 ©^b»a|#/i© n M^i&IMK^ 1x10 1 7 /cm 3 - 
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1 X 1 0 20 /cm 3 ©$5gBT£> -oX, M2 ©g<ffc<Kl*MI#JI© n S!^>fi«3»K 
*U x 1 0 1 Vcm 3 J£lTT* *3 ^o, 

. ffirlB»3©Sg-ft«B^3l(*JiOpa!^tti»aiK^l x l 0 2< 7cm 3 £(T-C& 
!K fc£*K ^ 4 0i«#*|o p I 1 x 1 0 ,8 /cm 3 ~ 

lxl 0 21 /cm 3 O®fflT'*^if^lI4 8E4ft©2ftft¥*#X?o 
5 0. MIBnfflJffltt^aicisc^x KJE* 1 ©S^¥*(*St4x BiiE 

5 1 . BUiem 1 ©g<fc^¥2»{*/f © n 1 x 1 0 1 Vcm 3 J^ 

Ttiot, l5E^2©S^^(*«©nS^*6«!jaifi*<l xlO 17 / 
cm 3 — 1 x 1 0 20 /cm 3 CDiEffl-e£> 

mmm3<Dm4t®¥-m&m(Di>m*i&®mm&i x 1 o i8 /cm 3 ~i x 1 

0 2 7cm 3 ©$gffiT*£> o Ts BUlSm 4 ©gft«3¥ai*#Ji© p 3^*fi«Kl»fl£a< 

1 x 1 0 20 /cm 3 £rF-C&3«*iIi5 0 E«£©Mtt^¥*t*3t^o 

52. mtenmmtit^-Mizis^T^ mtz%i<Dmtm*m>wm\L mie 
s*t«&¥*#ji«k w<> K^-t- v tmiim 4 (omit®) 
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5 3 . mzm i omit^m^mco nw*n®mm*< lxio 1 9 /cm s m 
Wot, mz%!2(Dm<t®¥mftm<Dnm*i&V!immt><i xio"/ 

cm 3 ~ 1 x 1 0 20 /cni 3 ©|BH-Cfe <0 *^o N 

miznz<omit®*m&m(ox>w*m.mmm.fri x i o 20 /cm 3 BiT-c^ 

«9> 1 4 ©Ijktl¥i*lO p l^^Etlgg^ 1 x 1 0 ,8 /cm 3 ~l x 1 0 
2 Vcm 3 ©SSfflT&3»3fcIi5 2l5<K©S^«B^#*?o 

5 4. S3IBiifl0fife?«»l*J^T. MlE£l©g*b&¥a*tt:»liA 1 y 
Ga,-vN (0<Y<1) frfctftK mten2Q>&{tm*mfrm\*l nxG 
a,-xN (0^X<1) ^^tt^o, 

IfflEpfiBffltt^SKfc^T, S0IB*3©2{b«¥Wttftl*A lrGa,., 
N (0 < Y< 1) *>£tttK mtiMA<OW.ttM*m&mt I nxG a ,-xN 
(0£X< 1) j^£ttS»3fc^4 6-5 3©9*>©10fCI^i&©g^b^ 
^{fc^ : ?o 

5 5. rnlie^ 2 <k»4©^k«I^*#«?36<*n'€ r n> GaN^WS 
IS*iI4 6-5 3©9^©lo{igem©^k^l^^ : ?o 

5 6. BtHSnftiJfift^jBJCfc^T. BtTIEB 1 ©fi-ffc«M£*(*Ji I* A 1 x 
Ga,-xN (0<X< 1) ^^/,£t), tuIE*2©^b«!»^(*S«A 1 vG 
a,-vN (0<Y<1. X>Y) 

BfliBpffllJiatt^Slwte^Tx fuIEI&3©^b^¥**#«l*A 1 x Ga,-x 

n (o <x< i) frbteo^ mi^A(om\t®^mwm\th 1 v g a ,.vN 

(0<Y<1, X>Y) ^&/£SW^9f4 6-5 3©? ^©lojiSStt© 

5 7. ftJIS^l©a^^{*MXIiHljfBB2©^>fb»*i*®^. n 
M^fcfeW K-y^nT^^^T> K-^Ji"C**IS^4 6—5 6©? 
*>© 1 o«c|g<K©S^b«l¥*(*:*?o 
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5 8. m%E.m3(Dm4t®*m#mximizm4<!>m4ty!i*m#mit. p 

5 9. KiEStt»*<I nGaN«££fr»3frE2 3~5 8 0 9fc<ZHv*" 
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